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CNAS DEVELOPI£NG FLIGHT TEST RESEARCH CENTER

GE Ping and Yenr Jing"lin

Esztahli~shEd in April 1959, the China Flight Test Research Center
C FTFC is the only organilzatilon in China specialized in the

national. evaluation flight tests and research flight tests of
aircraft, aErOEngines and main airborne equipments. For thirty
years, it- ha ac pLied the national evaluation flight tests
c ' --. cre th-an- 10 types of aircraft and aeroengines and evaluatio-
fli.ght tests of Several hundreds of systems and products related

L l insrumTents5, higlh al t itude e scape and' fre control-1,
and ha S pe -r fore oe than 200 O i tem-s of re searCID an d

deveopmet. D -C93, the -FTRC won 3 iter.ms of the national
invention prize, -'0 ite-m s of award from, the State, 97 items of
award .o: the Lminist ry of,, Aero-Space industry arid 6 iL~ of
award fro-- the Shan.,xi Province. Recently, it has cor-pleted the

;~ulifincevaluatiLon flight tests of three new types of ar f

L .C n.t.. -4? 11s11 Ai

li t'- p'-- of± the Yeow River valley, tere L::
~±~:nOi;aerospaci in~lus trial district. only Since China's

OIDEn~ -.- toICiU --C foC:E in Cf..Cou-,'tr ie S h as i t S --y s te r i os 'face gr a d-ua';!y
bee1 r. E V E F, . This i s the "Airplane City" in the .nrt

sub'urbs of X~iar- The hin Flight Test Research Center kCFTFC,
Is cne of the::- o features of this district.

.L;s to ercl. evaluation f lightt testing and research fli'oht
tLeS - -Lnc or1 new. :.2. aerospace t e hn7i 'Cal equLi-,pmelnt. it is

Chin's oly roanzaton wichspec-ializes in q- ±-fy i
'Ev'F, at C i; t ,* tia o f a i rc-ra ft, encines ano.- i-tajor airb-orne:

e ~>~. ~r~ 1.s, t has performed najcic-nl
q uiali f y in,.; evaluat --Lii tests :,-ore than ten, di'Lfferent models of0'

ha&S evaluated severaJlhund-red produ,.cts
cf electr-nics, specil dsig

equipm,--,ent, and 11i ig-at-itude escape and fire control systems,
cc --Imp Ie tir ,,z tha230 scient-ific research projects. As SCf
L327 7, the CFTR.C hdbeen, awarded three national awards for

netonS , 3 o ther-i na ti-onal level awards , 97 awad'ds fro01m th'

Ae rozsfpae I.ndus t --y MI - ni stry , and siJx awards A'ror.. Shanxi provinc t.-
In the past fewvo yavs, i.t has completed qualifying evaluation
fi1 ch t t Esti-,-na fo - t hr17ee n Ew mo delI a ir c raf'Lt, w r it ing a glIo r io us

pagt inthchistorly Of flight testing inl China.

ThraDuch tirty years of hard work, this previously barren 'bess
City has coe a jewel of Chi.na's northwest, with goc'd

tr~s;crtzinadvanc -ed comm--unicat-ions, many foreign guests and
thC-q f IDUSInESS! r-r and toUri*LtS

4.I



GENERAL DESCRIPTIO0I17

The CFTRC currently enploys about 2000 engineeis and technii:,
includinr nearly 300 high-level engineers and technical
persznnel. it also has a corps of highly trained, experienced,
and highly rotivazed flight personnel represented by heroes suc"
as Wang Ana, Hua Jun and Huang Bingxin.

There are currently several dozen test aircraft at the CFTRC.
These include various types and models of domestically
manufactured aircraft. More than ten laboratories are separatelyresponsible for research projects in such specialties as

aircraft, helicopters, flight simulation, automatic control and
guidance, free-flight models, aircraft strength, engines,
powe'..plants, electronics, equipment, fire control instruments,
and high-altitude safety and ejection. Test system research
personnel are responsible for the use of airborne and surface
instruments and equipment, and for the associated data
processing. Equipnent and test system research personnel perfor.:
research and develop7.ent for non-standard equipment, test
instruments and sensors especially required by the CFTRC. T±h
CFTRC measurement laboratory ensures the accurate transfer of

a~a.5 at each test stage. Tlere are two 3400-aCete:
runways which are equipped with the necessary navigational
equipment, including night navigation equipment. The flight base
provuids tipport for carrying out the test flights and for
ma-nenance, an'd its refitting shop is responsible for ,aiu
,Lodiications on test flight air,_ift.

DEVELOPIENT OF FLIGHT TESTING TECHM:.,OGY

The CFTrC spceciai operations corps has basically -atured alon:g
wLth China's young aerospace industry. Although it h,.- a late
start, thr:ug. per-severance and hard work. 1 it has made
noteworthy auvces. in order to acquire all requisite
spciaties and ±o -a, test fight technic . capabiitie:, th-
CFTRC has placE& iong-ter. emphasis on test flight methods,
including special Zest flights. it is currently not only capable
of perfc.ring qualifying evaluation flight testing for a nurber
of different new aircraft, advanced modified aircraft and
different types of syste.s, but it has also made some advanced
breakthroughs in international advanced testing technology and
theoretical :.thods. In several areas, it has already reached
international advanced levels. For example, in its research in
usn. para :.ttr recognition technology to obtain aircraft
aerodyna-ic derivatives and using Kalman filtering methods to
ohtain arodyna.ic derivatives for helicopters, it has made
contribution- wit, practical applications. F'utter experiments,
vibrzo measurements, and ynami.c test flight methods have al

V Ii : C - U L tZ I 1, 1 t- .

be--e:;-,uS " I u F.t..o- .. 11 eU ar h±W f I JL £lg t t e st i*n ri Fe &ar ca
has been successf ...ly c onducted in in-flight aircraft dist: U-1-
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;Tasuren"ent and in aircraft fatigue evaluation. The CFTRC h-
co::.rleted resear :h in using interior measurenents, the fixed
n.e asure. -nt rake rethod, and the oscillating rake m ethod for
propulsion testin thus s Laving the problemis of in-flight
testing of engine propulsion, tension and aircraft polar curve.
It has conducted experimental research on in-flight restarting
and in operational stability. in the area of engine
environmental research, it has found solutions for experimental
methods and measurement technology involving icing, bird and gas
ingestion and choking. It has also provided good techi;,ology for
the ir-flizht testing of oscillation, temperature and strain in
high-revolution engine parts. In aerospace life support systens,
it has gradual eolVevd fro engineering research towaru a new
stage con-ining engineering research with aerospace physiology.
I.n the drafting of test flight plans, it U syste enginee-,inq
for cor.prehensive management, resulting in substantial economic
savings.

Ad:,ances in flight testing technology play an important role in
:.ajo- techn ological breakthroughs and in tackling key problesi
pre liinar- research. The large amounts of valuable data whic.
the CFTRC h1as- -1inEd through flight testing has laid a sound
foundation fc dE t ein ig the various technical criteI-I
required by Chine's caraft design. For example, in the process
of determining flight quality criteria, aircraft flight
per-o r:. ance, strength criteria, vibration criteri a
engine testing criteria, instrument static norm criteria, an a
whole series of flight testing standards, the CFTRC provided
large a::.ounts f rELIa e flight testing data. At t h..e sat...

Sine with th I-, adanc in sc E technology, it has co, ilAt
flig-ht Experi:ent S in wE Iigh-tl-iessness.

DEVELOFHE1TS h ,TEST EQUI FMEIT

Breakthroughs and developments in flight testing areintIzonnh tIed e:i.. .. .. ... J hIIt te .... I -2 t-

testinc methos and the development of testirg technology.

The engine flight testing platform was the first large-scale
flight tcsting platform built by the CFTRC which was capable of
perforr.-.-ing in-flight testing on engines. It is especially useful
for debugging test flights for new model engines and research on
dangerous flight test objects, as well as for various special
projects. The special design electronics aircraft, made by
.,fDying the imported jiangzhuang [transliteration, I, is
equipped with a composite aerial testing control system with
inertial control and radio navigation calibration equipment, and
can conduct various types of missions for navigation and

eectronics equipment as well as for calibration testing and
ae L measurements. The ejection seat test .echan-sm, modified
and designed at the CFTRC, can perform not only in-fliaht

• I l I I



ejection, but also zero-altitude low-speed ejection on the
runway. The newly developed high-speed ejection test mechariis .
an' the variable stability aircraft will soon be put in use.

The ground testing facilities include chiefly the flight
sir.ulator, the aircraft control systems testing platform, the
underground and open-air engine testing platforms, the testing
platform for engine fuel and oil regulating systems, the aircraft
propulsion testing platform, the ejection seat testing platforL.,
the high-altitude test chamber, the high-voltage static
electricity laboratory, and the antenna testing field. These
ins tallations have played a very major role in completing
qualifying evaluation flight testing, developing preliminary
research, improving flight testing methods, and in raising the
level of flight testing efficiency.

In the early days following the establishment of the CFTRC,
the basic airborne testing instruments were automatic recorders
and optical oscillographs. In the 1960s, we developed and
designed our own first-generation adjustable-frequency and
.dig ital type tape recording system, and gradually equipped
do-m1estically manufactured radio remote controlled systems for
real- ........ torin of a few parameters. in the late i770s, w,
suc.essfully developed the second generation digital tape
recording systemc, and imported a data collection system and
surface data processing station from France. In the earl: 9I-s,
the CFTRC i.ported a Lishan, [transliterationj real-tire data
syste- whic-- was a combination of magnetic tape and telemetry

Witlnl an, ephasis On telemetry. This was an advanced
syst:E. fc- the t-e, and accelerated the pace of srch -hic h"

was being conducted. it provided feasible testing methods for
velocity para ,Et=rs with strict tine requirements, such as t h
ngine -ntake surface pressure fiel distribution. In the :id-

1930 s, in order to have additional capabilities for thE! -f L
proce ssi g of flight test-1g data, we imported the Qinch-ar_
Ltransliteration] system, which is centered around a computer,
an k.7 to build a 1-,ultiple-function re-:ote control statioi:.
The use of thesE advanced level testing systems not orly C--'-.ovec
the effectiveness of flit testing, allowing a single cortposite
test flight for -:modifications, during which data on a nuY-,bar Cf
special items-1u-I could be collected, but also provided h.g-qua ity
and safe command control. This greatly increased the safety and
success rate of flight testing. In addition, it also created
extremely beneficial conditions for reforming flight test
organizaticn and management methods.

DEVEi-OPMEIT OF CO1-1i.ERCIAL AND CIVILIAN USES

In the past ten years of reforms, following the policy of
d .evo.ent in tim aerospace industry, the CFTRC has propose -d the
slo,-a. "with flight testing as our principal effort, let us



engc[E ir. 'Dusiness , stress basic research, develop proi-Sing
trends, do bettEr in every way, and increase our prestige world-
wid. TIE; CFT-C has estab~lished a civilian aiLrcraft testinga
whih a f t er_ co p Ie t in g the t h r e c o nt in u ous t a k e -o f s" p ro et
fLo_- the d ns tiJca Ily produc Ed Y- 8 aikrcraf t, undertook civ-J.i C--,a
aircraft aiworthaness f light testing. it performed researc..
in coprYehensivE and thorough flight testing methods and
measure:ent techniques in accordance with airworthiness
r.egulati'ons. As China's, civilian aircraft industry develops, we
are Confident that civilian aircraft flight testing will also

be-T.e one of thE rc.ajor mision of the CFTRC.

in in to conducting debugging, research and dl
detr..±±dLUii-,-f Iight and surf ace testing of aircraft , engines,

andoncrd_:equipment , the CFTRC also is actively pre~paring11Y
aeria. - ot 7.dU - .-- -- ue.,n rei-mote snIng and photographic
ir~ssaons fo~r the *--'-----iE of energy resources, communicti;,

uriban construcztion, geology, agriculture and forestry, and
planin.it has undertaken development of autor.atic inonitor an&

conrcl sy_.s .e* .us adseri-'es Of remyote senor, cnC

and d'icital roain syste.S. It has cond'ucted antenna d~l.
reselaLrC41 anuf 6eVElopment, performance testing and flight test-ily..
. ha an' .. ntrii d testing of structuraC-lstun h

dk.. A _imination of vibratin Mill- e
an arbcre euapmnt;the design, manufacture and productonc

nonstndrdEq-uijm;.ent for various Systems;- and thl-e repaii ,
insecti'nand installation of mcany kinds of maechaical

E qu i:m E t. The_ CFTRC hias also takc-n sign.-ificant steps toward
finin proutzto suLpport the Civilian Sector and in:- the,,

1;1olfcts for export. A 't the pr1 Eeen t t im.t'-
7FT F.C i S'A ein rergniI to adapt to develop:mental ted-

,04- 1 ,: EX A! Ir r%.R~ i ±~

In recen-t years, the CF:RC has m-.ade some majur advances inT
in:..c _ coA Crtin Uanc Chna opQin ul. to .foe

n at7i on, the CFF. as i7.ortd uch advanced te chn c al e q ui
and sEnt imcore thlan 200 students, apprent.ices, visiting scholarsz
and, en g inree rs and" technicians abroad to work, s'tudy, -cake tour.-S
of inspectijon-, and] Engage in technical exchanges, as well as
develop a close relationship with their fellow te'chnicaaJL'n.S
abro~ad. ~in the past ten, years, the CFTRC has recei'ved' morCIE than
30 UdelEcaticns and sevjeral hundred persons on, visits of
iLnspection and. cooperation from more than ten countries includn
England, the United States , France, West Germany, Swedern, and
Pakistan. It has also cooperated with the space research
institutes of West Germ7,any and Sweden in scientific research Inl
suc-h, areas as fLlight dynamics and aerodynamics wi1th outstand-inc4,
results.



FAC:NG FUTURE CHALLENGES

Facing new trends of the future, all employees of the CFTRC are
fully aware of the great challenges they face. Around the year
2000, there will be major breakthroughs in new aircraft
development in China, and greater amounts of new technology and
new systems will be used on the new aircraft, resulting in a
stronger emphasis on research flight testing. From this we draw
the following conclusions:

I) There will be a tremendous increase in the number of
parameters that must be measured in flight testing. According to
statistics, more than 200 parameters were tested in the 1960s; by
the end of the 1980u, this figure will reach 1000. In the 1960s,
300 paranecers were tested for civilian aircraft, and by the
1900s the number was about 3000.

2) There will be great increases in the number of test flight
hours. In the 1960s, flight testing of a new model required
ab-out 700 to 1000 hours. In the 1980s , this had increased to
3000 hours. Any delay could quite possibly mean that the
aircraft technology would no longer be state of the art, and that
an opportunity to compete in the market place would be lost.

3) There w il be tre endous increases in the cost of flight
teS tIng. Using for-±-ig military flight testing as an example,
the average cost for each test of one parameter is now as high as
4,400 Aerican dollars.

It ±±ire will. b= much greater safety probleTs. This Wil lie
the inevitable result of using large amounts of new technology
and of an increase in unknown factors.

Facing these new trends, the CFTRC is paying close attention to
develop:.nts in the advanced nations and striving to absorb
advanZed technology and experience. At the same time, it is
iLntrpreting its obsLvations in light of the situation in h
nu~dc t take stejs in a nu -c..Er of areas to develop flight

testing technology, improve flight testing performance, and
reduce the cost of flight testing to business. Examples of these
efforts include improving the capabilities of surface sir;.ulation
testing, development of different types of testing and research
aircraft, active develop:.ent of testing technology and
application software, use of remote control and teleetric
technology and methods for determining a position in space,
im proving live-time monitoring and control capabilities,
irproving the proficiency of data processing, improving the
organization and manager:ent of flight testing, and setting up a
high-quality system for safety support. In its progress, the
CFTRC is bringing a brand-new look to China's aerospace industry
as we ,:,et the callenge of the technological revolution in
modern aerospace.

C



TECHNOLOGY FOR FLIGHT TESTING OF FE RFOR1MANCE AIM QUALITY

Li Suyou

ThAis paragraph shows the progress of the basic performance flight
tcst, the para-:eter identification, the stall/spin flight test,

For roethan twenty years, the CFTRC, as the only flight test.Ing
Center in China, has flight tested and performed qualifying

evluz~ntts-ng for basi*c flight perfor ance and fligh-t
quality of basic trainEr aircraft, turboprop transports, heavy

bonb~sturbD'fan r npc t_ experiynental aircraft with ejectorL
seats, vaibesaiiyaircraft, and helicopters. It has
cor1-bine-1 a nu:L f testi ~ng m-etho.ds and
alrrf f.LCXL LiLgt testing handbook suitable for USE in CinaI. it

iS currntly beinning tsting- of a new aircraft with a rd~u 2 .
-fi;1i: con -trel stalbilization, system1--. it is also carryingou

restoarcl into: hh ~ ljinhp etlween paramieter-
rECoc ,niti.on and aerodynam-,ic forces, air speed system locatiLon
selectior±, angle of attack sensor flight calibration aniJ eanie cf-
attack param- eter recognition, the aerodynaytic effects Cf Wi-tij -,-*
fins, polar curv,7e flight test mreasurerment, and determination of
s t a I I/sup er s tal7'/ spin ch ara cteri--s t ic s. We Will touch briefly C-ri

sooof this research- in this article.

BASIZ PERFCRIAN:CE FLIGHT TES7TING

In c -arly 1976s the C FTRC began th-orough flight testing of
bsctraining airc-raft. It is now familiar with flighlt testin

tech'niques for various types of aircraft. it is capable of u-

exam-ple5 include the loop flight me-thod, photographic method, and
r:ad'ar 1 -e z hod for ra sUrI:ino: the a irspeed SYS tem; ,- use E=Of the

acclert~c r~thc, rt&.ioralspeed method, sp-iraling,- r.ethoc
dferential adjust-ment m.-eth od, and equal al titude method to
de:t Er,.ijn e7 a~r:' lje f.. light sped; use of the acceleration

Y,.eth cd , z ig za g re&th-Iod, and direct climb method to determine the
clim.b ch"ia ra c ter is-Li c ; use of the composite characteristics graph
mehdand elevat.Lin selection method to determine cruise- fliLght

tiL*,,Tes5 use of the single item-, and collective indexes to eval.uate
m7tanzeuverability; and use of the differenti-al adjustmient myethod
anrd ph 'lo t,.)g ia phi-c i-6e tho,-)d to U de-t erm in e take -o ff' an lJAIa nd-.In g
characteristics. in its research it has on the one hand drawn on
the advanced state of science in foreign countries; it i
curren--tly studying4 the dynamic testing technology and the Energy
m e thod used abroad for in-flicrh-t de terminationor of perform-ance for
Conve..Lti'na air.craft. On the other hand, the CFTRC has also
combin-ed th'is wit-h some o our own unique experience arnuf hc~



For exanple, the turboprop aircraft flight testing data ncr:-aiU;
is converted to standard conditions by using the differential
adjustnent method. However, our experience has show:- that if
turbo-rob e,,gine characteristics are used to draw up an
analog graph and this graph is used as basis for conversionr. to
an analog graph for aircraft power characteristics, the
conversion is easier and more practical. Although dynamic
testing technology, the energy method and the single item
capability flight testing method can quickly and accurately
determine overall aircraft performance indexes, it is difficult
to distinguish the contribution of the various factors to
perforrmance. Therefore, we are beginning to look into a numbei
of special ::ethods such as in-flight measurement of aircraft
propulsion and using non-fixed normal flight measurement of the
lift/drag factor.

In flight testing for basic flight characteristics, if an
accurate graph of the aircraft lift-drag characteristics can be
obtained, a large number of take-offs and landings can be spr,
reducing costs and shortening the length of the testing pri.
At the present time, methods for testing lift characteristics nl-
fairly well developed, while it is relatively more difficult to
measu-e the drag; drag measurement is aso a focus of study in

cuntri. In addition to using the measurement of
propulsion to deterine aircraft lift and drag characteristics,
the ir s also studying a method that does not use direct
measurezen of propulsion to determine lift and drag
characteristics and has had some preliminary success. This

meto first of all uses parameter recognition methods to
detEr.-.inE the "'t tdra- factor; that is, it first esabls
corresponding. athemacal model, selects a suitable for: for
operational input so that the measured aircraft transitional

process inclue S 1 uficient amounts of the data inforTationr to 1
m.easure d, and then uses the maxim-uTm likelihood method to ccnduic t
paramE'ter reconiticon. The zero lift /drag coefficient i s
recal:ulated after a certain mathematical model is established,
using daa .::=u EaSured f- s -table-state and quasi-stabli-state

FLIGHT TESTING FLIGHT QUALITY AND OPERATING STABILITY
CHARACTERISTICS

For a long tie, China's flight quality flight testing has
primarily been conducted according to certain foreign criteria.
it was not until the early 1980s that China published a
preliminary draft of its own flight quality criteria. The
primary basis for these criteria was the CFTRC's accumulated
mater ±=l and experience from over 20 years. Many researchers at
the CFTRC m--ade important and positive contributions in
developing, co-.piling and testing these criteria. Furtherm ore,
the fact that China can use her own set of criteria for flight

0



q ualI i ty i n yr. .l tar Y a ircraft to undertake mnodel design an-d fliy±.t
tes ting ind-icates that Ch-ina's aircraft design has reacheu' a new

Verfictic an _qiht testing of operational stability
characteristics has always been one of the major tasks of the
CF".!RC because it has a direct hearirng on how to make the best use
of the tactical and technical characteristics of any given
aircraft. The CFTRC is currently not only capable of relatively
satisfactory measurement of a great number of parameters
involving basic operating control stability factors, but IS'
currently switching over from direct measurement methods to mor -
accurate, T-,ore effectiLve, and more rapid indirect methods of
(Ae tefnn the fr:7 quali*ty of ant aircraft through the
ca culations of aerodc"ynayric derivatives obtained froyi flight
test Li .

P-ARAMETER RECOGNITIiON~ TECHNOLOGY

Sine :~ erly19-s, the CFTRC has studied and practiced
the approxirL.-atio.n f or:-ul a m-.ethod', integral m-iethod, methodology

'.A 11 1 -t= t..i , f.reqzk4Uenc k;y c h ar:ac ter istics method, simtulat ionF
reh ,and, 'ie-As etho . it has successfully used tlhe

ieq-ueny c~jara_-tEr-i ti cs i-LCeiiod and the timE-loss method to
ueter..nE the vetcltail di-mension-s of a certain -6odE2 o f

doreticlly ;.aufact-ured' ai'rcraft. Later, as the equ-irent at
t.h E C 7T R.C -Vw as I 0 :rpro'_Ive E anrd b e c am, e T. or e c o ple t E, r es e ar ch Y

L.Lia-r a eas S.nc the 1930s, ' -il

cf a~~. l~lnit has adopted fro.-f abroad the
L ~.~ . L ~: ~~ .le od and th'-e aiu .

17~ C'S ID. I Et - .

CC -A~

c n tn Ei L ou~ n E~ o f the f oca L poin ts c f iLt s r t-s Ea r. A

a ndI ;S_ :k 1 ut S , th i'n pu t fcri -Is co'mirOnly used ai-e pulse,
st~j doblepulse, dou"le step, and i,ult: -le step (Suc, a., -

I2D af,~r tL±E selection of iteasureen . au _Lw~ 1, _L
a ndU t h -- e 1 v.aticr ini t ialJ v alue--s o f unknown parameters a L
also -ao problems for paraT.meter recogn-ition. Curfrently,
countries are usinj two fu~iics: Constant weightin-g and ' i .'n
f fun ctI Iis. The CFTRC has learned from practice that the
weighting function m-.ethod is more appropriate. Also , the proDper
s Eeec tioL.n of the siicL~lation point to adjust the recur-sive in-itilal
va lute can, i-prove_ the recognition accuracy, and the use Of the
.least square meth-od to estim-tate the initial. -alues can generate
all' ajl aus Th is iLs thus a more ajpropriate method.



The develpien!t of flight testing parameter recognition
techrology and flight performance measurement flight testing
technology by the CFTRC has already made a positive contribution
to the development of domestic models; these contributions
include the satisfactory resolution of such problems as the
azimuth static stability of the F-8 at high mach speeds and the
problem of the dimensions of the vertical tail, as well as the
problem of hypersensitivity of longitudinal control in the F-6.
Especially during the assessment of the problem with the F-6's
longitudinal control, the aircraft underwent evaluation testing
at an instability of three percent. At the present time, the
CFTRC is conducting research on new technology for angle of
attack stability and parameter recognition.

STALi/SPI, TESTIING

The CFTRC is using free-flight models to conduct extensive
stall/spin testing for different models of aircraft, and at the
same ti. 1:s developing the basis for more profound theoreica
research. In its stall/spin testing of such aircraft as the FT-
5, F-C andP-6, it has obtained a great deal of va.Luale data.

Wor king together with other units, it has determined a number of
laws governing these characteristics and summarized the "level,
neutral, yield" method of getting out of a tail spin. This has
contributed to improving the level of air force training and
reducing tle num ber of accidents.

A- t e E =S.E7-- tLLe, the CFTRC is conducting stall
characteristics tests on the Y-7 and is actively preparing to
conduct stall/spin tests for delta-wing high-speed aircraft.
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CIVILIAN AIRCRAFT FLIGHT TESTING TECHNOLOGY

Li Ju, Chen Zhaozhuo

This paragraph introduces the progress of flight test
technology in civil aircraft development [English Abstract].

Prior to the 1980s, the CFTRC had undertaken qualifying
evaluation testing of Y-7 and Y-8 aircraft designs and flight
capability comparison flight testing of the Y-5 before and after
modifications to electronics navigation instruments. Because
China did not have civilian aircraft airworthiness regulations tc
follow at that time, it was forced to use military aircraft
flight testing 2ethods for appraisal flight testing of these
aircraft. Even sc, the CFTRC made certain advances in turbo-prop
engine performance conversion methods and slow-speed flight
testing techniques. Not only did the CFTRC make contributions
toward the qualifying evaluation for production and route
application of the Y-7 and y-8, but it also took its first
welco e step on the ..... to flight testing of civilian aircraft.

Between 193 and 1984, the CFTRC began using the requirementS Lc-f
the United States' FAA civilian aviation regulations in its
flight testing for flight performance and stability
characteristics of the Y-3, completing the highly iifficult and
dangerous flight testing items of minimum control speed check
during stall, aborted take-off, continued take-off, and touch-
and-co l._ inc. This has fill ed in the gaps in the key engine
power-i os and tak.-off and landing performance flight testing
for China 's heavy transports.

Early in 136, the 1inistry of Aviation Industries organized a
crac: tean., to determine the stall characteristics of the Y-7.

11, CFTRC was reSponsi'ble for stall flight testing. This fligh%-
testing program required deonstration of aircraft stall speeds
wh.ie cruising a during take-off and landing, the level flight
speeds, turn stall speeds and the single-engine stall speeds.
These were new tests and were very difficult. This flight
testinc- is sti± being carried out. When it is completed, it
will clear away a major obstacle to future civil aircraft
airworthiness evaluation flight testing.

In 1930, the CFTRC began carrying out thorough flight testing of
the Y-7. The objective of this mission was to elucidate a number
of safety proble s in the A.-24. which were detected in use tA ii
powered wind tests and to recommend steps to alleviate these
problems. Another objective of this mission was to provide
reference data for the stall flight testing of the Y-7 and the
development of a modified version. The first stage of flight
testing for this plane has already been completed. The flight
testing, in both flight testing methods and testing technology,
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car be said to have advanced China's civilian aircraft flight
testing to a new level.

As for flight testing, this was the first time flight testing was
conducted according to the methods recommended in the "China
Civil Aviation Regulations, Volume 25" and the United States FAA
"Transport Aircraft Standards Flight Testing Guide." Static and
dynamic stability flight testing was performed. It was also the
first time that the towed-cone method was used to measure the
positional deviation of the aircraft air-speed system (the
aerodynamic adjustmTent value). Through this flight testing, the

primary data on the longitudinal and transverse controllability
and stability were obtained; they include the neutral point and
the dynamic point, the rear limit of the center of gravity, the
aileron performance and the affect on landing and re-take-off
performance and operating stability of different flap settings.
A landing and re-take-off procedure for improving re-take-off
performance was proposed.

As for testing techniques, three major breakthroughs were T7adc.

Real- timeo~,-board processing and monitoring of data were
realized. A water distribution system was used to adjust the
center of gravity autoatically during flight. A towed cone
sys tem was used to measure the reference static pressure.

The real-tiTe data processing and monitoring systemc ensures that
a quick evaluation is made of how well the quality of the flight
testing .ode is maintained. If requirements are not met,
additional flights can be made right away, reducing the nuber of
test flight take-offs and landings and lowering the rejection
rate for data.

Development of the auto-atic center of gravity adjusting water
distrituti., syste: begar in 1987 because the manual distributim
system; used in the past made the adjustment of the center of
gravity very time-consuming and also could not ensure that the
location of the center of gravity was where it was required.
T h S systel ws Used for t- first time in the 7-7 flight
testing. The center of gravity can be controlled by computer,
storage calculator, by water level and manually. In case of a
malfunction or an emergency, the emergency control system can
bring the center of gravity from anywhere it might be at the time
back to the normal location. This system can also correct for
center of gravity deviation caused by fuel consumption, keeping
it at one percent, within the length of the aerodynamic chord.
Currently, this system, can adjust the center of gravity at a rate
of 1.55 percent of the aerodynamic chord per minute. Researchers
are currently making further improvements to this system, in hope
that the use of a microcomputer can turn it into an independent
systel:, thus freeing the on-board computer for controlling other
features or systems, and also accelerating center-of-gravity
adjustm-,ents, thereby increasing flight efficiency.
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The towed-cone system: is a static pressure .easuring syste. towel
behind the vertical tail. During flight, this system. can
pc.sition the static pressure measu-ing tube a long way froiw. the
aircraft (up to 40 meters), basically avoiding the effects of
aircraft turbulence, and obtaining more realistic environmental
pressure readings than possible by locating the pressure
measuring tube anywhere on the aircraft; at times, it achieves a
virtual zero-level error. Therefore, the reading cannot only be
USEd" as a reference pressure for correcting the positional error
of the aircraft airspeed system, but can also be used as a
reference pressure for the aircraft aerodynamics and performance
data. This i-S- Esj-ecially useful when putting the aircraft intc a
stall modo. Foreign countries began using this type of system, in.
the 1970s. It is now being widely used for research-type fL gh
testing and for airworthiness evaluation flight testing.
Howe,\, this was the first time it was used in China for fliach.z
testing.

wi have found though expe-li-ie that the towed cone syste: - ,-t
only ies accurate static pressure data, but also reduce .

error and imzproves the accuracy of flight testing results because
its deviation is not affected by the flight zone.



THE BW- LONGITUDINAL VARIABLE STABILITY AIRCRAFT

Zhou Ziquan

BW-l longitudinal variable stability aircraft is the first in-
flight simulation test research aircraft in China, modified froT.
FT-6 jet-trainer aircraft. It is equipped with an electro-
hydraulic servo artificial feel system, a aerodynamic variable
stability system, a simulated target motion tracking display
syste., a data acquisition, recording and telemetry systea.
Meanwhile a real-time monitoring, recording, warning and data
proceing Sys tE:. is installed on the ground station. BW-I a-.
be used for evaluation of mechanics and control technology, in-
flight sir .ulation of new type of aircraft, flight test pilot
training and validation of ground simulation [English abstract.

The BW-LI Longitudinal variable-stability aircraft is China's
firsz in-fli1t simulation testing research aircraft., it is
zodified frr- the FT-C. llodification work on the BW-' was
completed in H1arch of 1908. in October of the same year, ground
testing was completed. At the present time it has entered the
test flight stage. It is planned that acceptance testing will Le
c plete3 in 1939.

SYSTEMI MODIFICATIONS

Extensive I:,oCifications were nade to the aircraft. The forwariJ
cabin was changed to an evaluation pilot cockpit. The rear cabin,
was made into a fixed-state cockpit for the back-up pilot.
Pri±ary L odifications on the aircraft itself included the

installation of an electro-hydraulic servo artificial feel
syste.., an aerodyna-iic variable stability syste:m, a siLulatU
target motion tracking display system,, and a data acquisition,
recording an. telem etry syste:.. The first two of these systeris
are j_.intly callc the variable stability control system. The
ground station is equipped with a real-time monitor and controls
arid recording, warning and data processing system, s.

Among the flight controls, the forward cabin control stick was
converted to electrical control while the control stick in the
rear cabin remained mechanical with an electromagnetic clutch
between the two. When operating with variable stability, the
clutch is open. When the clutch engages, the variable stability
control systey.m is disconnected and either control stick can be
used to control the aircraft. The steering controls of the
aerodynamic variable stability system and the artificial feel
system are connected by a hydraulic clutch and a mechanical
control system. When o4erating with variable stability, both
clutches are engaged with the mechanical control systei, in the



hydraulic system, fine oil filters are installed ahead of both
the steering controls. The hydraulic reservoir of the original
system; was replaced with a sealed hydraulic reservoir which is
filled under pressure. In place of the original sighting device,
a target tracking display was mounted. In all, 136 new pieces of
equipment were installed in the aircraft. A compartment in the
belly of the aircraft was converted expressly to accomymLodate the
equipment. The exterior of the aircraft is shown in a special
color insert [riot included in translated material].

OPERATIONAL PRINCIPLES OF VARIABLE STABILITY

Figure 1 is a block. diagran of the BW-I systems. During v..iah..
sblity flght, thE evaluation pilot uses the artificial feri-

system to move the control stick. The control signal is sent te
the si,.,ulation computer-, which calculates -nd sends out th-
ccntrol stick r.movement signals using the artificial feel
:athematicalmodel, driving the artificial feel steering
cont..- sol. The trim circuit can provide the otrol rod wi th tri:
::.c-ve.men t z for various speeds.

The position sensor of the artificial feel steering controls
transmits the signal for a change in stick position to the
di tei co a! puter. After the control stick miodel in the aircraft

control systeT, has been calcuated, the amount of simulated
rudder turn is transz:.itted to the aerodynamic variable stability
system;, thus allowing the evaluation pilot to exercise electroi
control of the si.:?.ulated aircraft.

The aerodynamic variable stability system,. has dual capability for
response feedback and model following. In the model following
syste::, the- control stick model system transmits the si:,ulated
rudder Surface to the iatheatical model of the aircraft being
siulated. The model's reponse output is track by the
simulated aircraft's servo. control tracking ring. Therefore, the
ope-ating response the pilot perceives is equivalent to the
response characteristics of tht siiulatEdI aircraft. in the
response feedback system, it is only necessary to use digital
computer regulating methods to match the characteristics of tht
simulated aircraft with the acceleration and pitch rate feedback
gain.
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Fgdur e . B'Lock d2.agra-.t, of tile BW-l system7s. Krey. (1) Display;-
(2k ae le, 2 Rando!T. Signal generator; (4) Wave filter;
(5) Trackizg tdiSplay Syste,-,;; '6, Artificial feel sySteT.; (7)
Artificial fe:%el Simulator; (8) Forward stick movement sensor;()
Rear sti-*ck)- Sensor; (10) Test Signal generator; (11.1
Artificial feeCl Steering Controls; (12) Trim installatiorn; (131,
Diia computer; (34 Aerodynamic variable stabilityL sySte , r;
( 1) Variable Stabili'-ty steering controls; (16) Booster; (7

Aircraf t; (18) Sensor; (19) Regulator; (20) Accumulator; (2 1
2. 2 ) S p h - 23 easurEr,-teft systzl.t ( 2 4 L : CjuE1,7

L_; (25) Transmjit ter; (26) Transri tter antenn~a; (27) G'rcunk'
statilon; (23) Wr.dning; (29) Recording; (30) Display; (3.1) Data
processing; ( 3 2) GrOUnd Stationr SYS t eM

There are four control Tuodes on, the variable stabi-*lity control
panel in the rear pil1ot's cockpit: Response feedback, lirnear
acceleratiLon tracking, pitch rate tracking and manual control.
There are also four sets of param-reter-changing knobs an' threc-
sets of speed-adjustment knobs. In all, 256 parameter sets can,
be loaded in the com--puter. Each parameter set includes 408
variable param-eters. For the convenience of pilot operation,
only four sets of paramrteters may be altered for each rimode during
a flight.
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The system is equipped with a standard test signal generator
which can generate different test signals as a substitute for
pilot controls.

The variable stability syster has a fault safety pattern. The
otheLr signal source generators for the sensors and system output
all use backup measures, and the important components all have
automatic monitoring and control. When the aircraft's linear
acceleration is restricted, the major angle of attack can sound a
warning. The forward and rear pilots both have emergency
disconnect buttons and switches.

Sy-,Ls for "TARGET" and "FRIENDLY AIRCRAFT" can be displayed on
the target motion tracking display. The "TARGET" is driven by a
signal fr::.. the rando.- signal generator. The "FRIENDLY AIRCRAFT"
is driven by a Signal fro. the gyroscope platform,. The random7
signal generatcr is coy.pc:sed of a white noise generator and
specil wave filter. time constant of the wave filter car be
Chan;ed. The pilot can use pursuit or Compensation methods to

Te,; rando7 _ Sinal generator can also send a signal through.
different waVe filters to th.e aerodynamic stability steErl iy,
contros Z - the effect of different frequency

turbulence on the pitch movement of the aircraft.

T daFta a -u. .ato , recording and teIeety systEs on, t h BwI
can ieasuie 10 pa-ar:eters, including both PC-I and FM signals.
These signals are re:_-orded on board the aircraft, and are also
sFnt to ze swfac l wher- they are monitored by the ground
station:. The data accum.ulator has an overload alert and ',.., t,-,=
capatlity- u, = .±±l_ restricting the variable stability
control syste:: hy li:.iting such parameters as linear
acceleration, rate of pitch, pitch angle acceleration, angle. of
attack and control stick force. in addition to real-time Us-.a.'.
and recording of the various parameters, the ground station also
1 : U - rei-t W i7 wanng ad I pa1armeter 1 Ecognit 0i , ySt E.S
f aircraft or system, parameters reach a predetermined

lypotjhetical value, te ground station automatically sends a
warning Signal t* the pilot.

SURF ACE TESTING

Surface testing includes laboratory simulation and on-board
surfaCe testing.

The priMary objective of laboratory testing is to conduct systel,
verification and testing, starting out from the general flight
testing program;, it includes performance testing, fault testing,
aind pilot co-ntrol testing. The testing is conducted on the SB-6
control siulation testing platform. Results have demonstrated
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that the BW- I has excellent in-flight simulation capabilities.
Four pilots (including one British test pilot) have conducted
open loop and closed loop control flights on the sirulation
platfor2, including overload pursuit and maintenance, attitude
pursuit and maintenance, and target pursuit. They unanimously
felt that the BW-i is very effective in the study of flight
quality.

On-board overall surface testing of systems includes performance
testing, electromagnetic compatibility testing and structural
modality coupling testing. in comparison with the results of th
laboratory testing, the artificial feel system and the system
fault instantaneous mode characteristics show some improvement;
mcst of the other results are about the same.

The structural modality coupling testing is divided into the open
loop and closed loop tests. It uses a harmonic signal excitation.-
system to measure the open loop and closed loop frequency
response characteristics. It also uses a pulse excitation
contr-ol stick to rceasure elapsed time with the loop closed. The
results have demonstrated that without a structural filter, or
when the wave trap point is not properly set, individual
conditions do not satisfy the NYQUIST criteria. After the wave
trap point has been adjusted, the system satisfies the structural

oduality coupling stability requirements very well.

THE BW-l FLIGHT TESTING PROGRAM

The flight testing program is carried out is six steps.

The first step is surface taxiing. This is to check if the
various syste :,s are operating normally following modification.
The s:cond step is 7odification flight testing. Ti,s is the

flight testing of the modified aircraft with the variable
stalility controls not being connected to the aircraft's -,main
control system to check that aircraft capabilities and syste
operation are normal.

The third step is flight testing of the artificial feel system.
The aerodynamc variable stability rudder is disconnected from
the -:ain control system machinery. The rear cockpit pilot
controls the aircraft. The pilot's control stick is released,
and the front cockpit pilot conducts feel control with artificial
feel characteristics. Other parts of the variable control syster,
are put into operation. Initial checks are made of the
operations of the electrical systems.

The fourth step is the flight testing of the quasi-closed loop
syste:.. The system is put into operation in its entirety.
However, the linear acceleration sensor and the rate of pitch

18.
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gyroscope feedback gain are set at almost zero. The system is
about the sare as an open loop. Further testing is done on the
operation of the entire system.

The fifth step is the closed loop flight testing of the variable
stability control system. It is gradually expanded to the ranges
of the overall design capabilities and the limits to which the
parameters can be varied.

The sixth step is practical flight testing of the variable
stability aircraft.

APPLICATIONS FOR THE BW-l

Operations in the following areas have recently been developed
for the BW-l.

1. Training flight testing personnel. Using a variable
stability aircraft to train test pilots is an effective means of
keeping firT control of the flight quality flight testing
technique and evaluation of methods.

2. Flight quality research, especially research in flight

quality of aircraft with electronic controls.

3. in-flight flight simulation of new aircraft.

4. Research into control technology. The BW-l uses digital
electronic controls which can be used to conduct researh in
digital control technologies such as control pattern design,
selection of sampling rates, software design, and insensitivity
design. in addition, with slight modifications, it can also be
used for lateral rod control research.

5. Verification of ground flight simulation.
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H-u Ycrigyuar.

F:-Ilowinc thE cc::pietion of th-e work. of reorganizing the fc'r.er
-A-,C C ei-d, Sharicga i, and BE iJig Adci'ns tration Bur eaus
az-corldirig to tl'o: rEfcr;-. policy of separatingj govErnm.Ient ar.-
busineSS, CAAC announced inLr Xian or, 23 April of this year that
the original Xian Ad.-inistrative Bureau has been, reorgan~ized as
the Northw'est AdiitainBureau, theCies Notwt

Airlneand he igua Aifiel;ri the niear future, after a
period -- rial OPE-Yati-'o, official operations wl'l' begin.



THIRTY YEARS OF PO'WERPLAh'T FLIGHT TEST RESEARCH

Zh-u Clhaodc-nc, Shou Shenad a, Q--iao Wenxiao

Th.E powe',rplanit -"Liachz test research is one ofl important tasks
under,,taken. by CFTRC. in the article the authors present the
progrEss and scientif-ic activities in this field during the
recent 30 years LEnglish abstract].

TEct f lightz reeac for aircraftt powerplanits is an indispensab~c
link --LLte work of developing engines. 1 n fo0r e.ig n c ourt r i E
th 'LE a --. ou-.t, o f t i -..e i n t 'IE d ev e Io p- i.:- ta I cy clIe o f a ir c ra ft ein g -in E:t

*repr enet' by powe-rplant f light testing basically is equivalent
to- th-.E o.li:; de-voted' to powerplant design arid Udevelo:.~
in Ch ina ,two- toD three year-,s are- generally required.

There ar-- two objectives in powerplant flight test research. TE
fististounertake qualiflying evaluation test flights for ne-w

e ~ - L. !. Z state and t test whether the new ecn
~ zh~requL emnts-f the design speci*fica t-'oij-jS

Co-lto- Of Ca.-tuaLCL use-, as well as to test whether the dein
(-C Snaan tandaru-s are in cofr.-i Wik,

Whose~ndob-jective isto develop speci*alized' test
flihzsand' prE-research test flighl-ts, in order to supply

i: e I ~ a' I t~at frteiTpoy.nt of th new deig and nd
For: thI-, Z fiAght test rese arch is not only the Last as
in the dveopen of new engines, but marks the beginning of

resoaroh f o new eniemodels.

ForL th pas thr years, CFTRKC has shouldered the
respo_-nsibi.,l .ity of national qualifying evaluation test flights for
all kinds Of Powei-plants. it has also completed many

.LLiht Szting a.-eth'ds and easurernent technology, as well a
full serie-s of flyinoc test planes and surface simulation
Eq:, .. en t , a ppropriatE to Cia'sinuividual conditions.

Th-E ~ t inportant o f the Center 's powErplant f light test
re se arch pro'jectS ino-lude:

G A dj as ti:.t and qualifying evaluation test fL ights f or ne w

* experimna rE S~±~ on engine fl1ight loads;

o rE searc-h te St flights f or a vari ety Of enginle SYS teIm.s alc
* sc. r t:ns f± ,rn c il p r oud c



0 7 rseac E a ower a nt f Iigh t t eS tin L thI1 Od-OoCTy a n

C s ' :a~ a " P.--E Tr. i inCa LV-rre .E C41:Ch te=-st fl i gh1-I f Cr2 p Wrc 21: ,

0 ciround-basef si-Ailatf on and environmental. research 'Lo::

NAJOR SCIENTIFIC RESEARCHi ACTIVITY

Cvr h pas tirty years, the: Flight Test Center ' c~tfi

researchL test fcligh't activ.-ity in the area c'f powerplants lhas,
rodyspeakincj , ao)rE th'rough three phases: A period of
foratin, period involving principally qualifying evaluation.-

taS.E an", a prOd f emhsOn, special problems and, bas-kc
r EsCEar-C h . OvE r twcnty -LodelIS of p1lanes have been tes telf., a-.cJ-'
over1 thirtyLl _L_ -, M eIS have been test flown ; over 3)" CT' !7
L Z~:7 I hav b ,t een carried out. The most Signifi':a-7

-. ~ .~L ~achiEvEu in the following areas

I Tp ~& z: Fhih I F ch onr t he Wr kiJng o' Powerp'a

A,: encc .bt csc Jhich Chi-na h as copied and those whi '
C _ina e 1,)e con itLs Own, have all been, subjected to
spE ci a wOz-'King t es t f Igl-t re search, inc luding th'e s tudy of md
air Startir_-- capai.lities, special throttle acceleration

ZLe t _, - - 1 LLU enin oeration duriing weap-J-on!' launlch.Ig.

t i S Exel i.iEntEls tudies on, th'e worki ng quali1ty of-
thI'e aztE r L r r,-:r fu-aelI c hamoi, icing experiymen-Tts on- ETAYgIneS' aind
pr'ope 1lers vibration experiments , theI S tud'y of Czy ine Qp _ICA6 tt
sYs te:-'S, :ndi -Lcator sys t E.-', ad.tora ti C ad Jus t:T.,ent sys ter* ,au
c ooI Ing andf vnti11ation sys t E:.s , and si;:.il spe ~Ia.L re S Ea -t :lC
a practical. nature.

fths z:. f ~a h:i-irtaing and: we apon.- lau-nchin

ae' imzportant topiLcs with a relatively high level of risk. Si-LncE
th c 6 V's , we h av E pe rf orm-.ed Jza ny miJLd -a ir s ta r t ing e xpear im7e nt S onT
prototypi-cal a-ircr-aft and f lying test beds on series including
turbojc ts and _ t-u1bopr-ops , and special test f light researc h On,
h ih -s p EcifiJLc gr a vi'ty fu-ae 1s a nd fLuel st a r tiLng i i t irig
c ond it ions S .In over ten, projects on, mrid-air start-up, in
addi 'tion to vErifying the engine 's starting lim;-its, we und'ertook
a widez ran"ge Df research on start-up under all sorts of ohi
conditions (such as h-ead-on start-un, start-up at supersonic
speeds, high-pressure start-up, low-speed start-up, start-up

under_. a ai- ffiht atttudes, start-up with engines a
varius ecrc-s f cldnss, ndfortwin engines, start-up; wi-h

t h cIef t a nd r i ghz - enrg1 '11e s in d if fe r ent wo rk ing st a t es. From--
thi.'s rsrcwe have bee n able to provid'e scientifi-c d'ata f,:,
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lig-h .z : S -.. -ana e the C ri tia tC :ent of sta -t-.p
:, __taies l...rlabl s t a r t ing c o n dit ions t hu s

e-nri saf a W iL a v e also ....1"- r2III data for
k.) L Z .-. L 11. Z: j~ yt C s Be gi nni ng iLn thIle 7 ^s , w e IAav;'- i-.av

usin, low-iner-Ifa . C iu g a nd t other dynaz;ic state S 'S:IS
a SW E a. s , s e E: AAv. A. .i thoUs to study the effects of

-, ._ a.d :-:isile Iaunching on the WOrkirj of t
engines, as well as the reasons behind gasping/shuddEring and
stalling, and h ohtained much experimental data. TheSe
:............... projects are currently still being pursu

; 1- t t7he
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ar-'e c-rre: c 1y further advancing our work of studying tllc

.Expcoriymntal Stud"y of Flying test beds

Flying test beds are princ ipally used in debugging test flIightS
for new F;ngine s and f or s pe ci al t Es5t fI lihts. Tlhey are a kind of

transizionl xpienal plane. On, a hi-Elvaton .1.frr A n
the surf a,--e, bef'ore the being placed in servi-ce , their duti-.es_- a-nci
appl ic ati-on:r;S appear even- mrore prominient .

A, f lying zs bzed constructed by ref'Lit t ig a B-6 was placed in
USe in, 1973; after -:any years of improvement, the flying test bef
inow equi -pped- with frequency modulation and digitl reod.s

Sand rcal-t.e zconitoring systems S eetC7Li.n-O
internation-al standards. It h-as greatly raised theefcti-
of tesz flgtz

t?, f I Y i -)ed, we aIre-------------- ----- --- e ugg I' - j-tC
fitsan f s .EC -i te--S Z flIights for two. kinds of turbc e t se r I E

an d ma ny kinds, of I er.g ne s . It is wot 1e1~u~.yta

Lsi- witn h~c high-el evati*on pl at-for : tEstlin eu.t
L I- prob'el u'a exesv nginl-e

gaspingu'slauddering, resulting in significant financial,. b En Ef itS.

in zo :expand the! scopE of the-: use of fLly-inIg test be, Ef.
the early 0' Vs we studied ant engine that had been tested usinc; t'e

an fggh a/ebu; di ,r o a t ionra I et hoc, s uppl e E nting t..
i nsufficient _L SpKE and " altitud Ya.' itA 1_- _-,- - Of the B-C6 ai*rp~anE.

4.Stud-y ofL Compatilit Between Air Passage and Engine

th Las, ten years, we have undertake-n experimental studies on
t he F-T and F-S airplane models on, topics such as the opti..w..A-

-a S t E -. n p-a t tern:1 s 0 , ~ir i .dsJa'-E anc ,w a veC C syt E
- 171civ f.low charts frair- intakes , stab1-le-state flow

fiel distorti'on c-a-ts for air intake exhaUSts, and axially
sy --. .etioal ai r intakre pressure d'istri-bution and wave ys=
struCtur.e at large angles of attack. To carry out dynamic,_
diL*sto~rtion st-udies , we designed a 43-point dynam,-ic pressurF- rake-
wiJth a si*x--Lp oin star configuration and a m--easurement syste.. cW

suocssfully TeasurEd the paramneters for the exhaust Cross-
sacjio d~.. istortion flow f ie ld of the airin .

In the area of proc:essing data on the stable-state distortion
iLndices and the stable-state distortion charts, we have also
prepared software for calcu'lating the ind ices and drawing the
ntek 'Lo~ field iLsobars arid i sop'le thS.



T TS~ F~h 1 1 g'.on Engine FLight Load Registers

C.=1"IL. L i 'I in t o ot tain, a s et of tE iper atur e,
Yc~- 5 -,' : rati: e oC S foCr c Onpo n pats Fr2 j~il
T", ar ..- J- udE a sru~iOa' -scade non-contact

avi:L -Yation off rotors ro.)t&ating a-, high speeds , as well as
aAVC .1 7LIIL ICLC 7 inrae 5 U.i'et E u ipn-Ie n t ( ca p at)le ofA r eading 200v

K~ t h a a u nd rt ak ze a t cperatrE me as ur E!en ts on blIa z ing- ho0t
n, S C ~.ut Io o a se S at tlhe noz zle

keep.L i _i- zh zh d ev elo pm ent o f r es e ar ch o n thIle d a ta fori e ri a r

-~~~~ at ban is oii.sl a_ =Za Lees

F. Fliohz TEztinc; of' Eno,,inc Fuel Syster~ts

This iLs onE of th-e earliest prograr s "'v_- oe in the area *,f
tes fl a:E h tz rsarch f or power pl1an ts. For 30 years noto-

the Cete C :arr-i o 17CutZ t sZ f l *gh t progr a S for 1 al ' odeUls
u~5 zu i - ha S alIso h ad t hc_ r Es po nsi-Lb iit y fo r a great a:D-_ ;

o f pr-elininal-y s tudie S and special test fLights. A total of ov
20 ~ ~ ~ -r 'xe.~.tl~~~z as been carri'ed out on 14 p'lane iruc) l

A s ear~ly as fifteen- years ago, fuel which we researched and'
eelpdcn o-Lr1 own aU lu~rication comfpensation system7-s fill!Ed

tas inte fe'ld of expt:rimTental weightl ess ai rcraf t, r,-aki'ng a

Co-tiutc t th nel.ent of. our aerospace industry.

Ovrth-e lazt 230 years, th-e Test Flight Center has used a varint.
of ep ~ta ovi es to oarry out many ser-es of large-scal2_

SU.rfa~ .. lai experimetrntati-on. These experiments are not
w ~ ~ . LE L:a'e fojtstflghs a hi.gh pro0portion- Of

-~ r.sc.- -1. aSa C J. t:ci. -C o L1JLg expe rinenta t ion. For
exaYmple, consider h'ighr-altitude fuel system experiments; it is

possible tc sin .t: on, an Experimrental platforrm an altitude of
$0kionteswith th E fue- tem,-perature- equivalent to 80 . C. it
alse. pozs-AIblc to, per-fo~rn-. simulation experimentS for high-

elevation. fue l pum-..p air bOlocks. Through experimentation, it has
becnposil to establish' a standard experi-mental. method for the
com-prehensive evaluation, of fuels.

inl the zarea of surface simulation experimentation for engines,
th'-e Flight Test Center: currently has the trial-run capability for
a Ch i E -i*ngQ a v aiE ty o f obI je,:t iv e s An open-air standard test
platform. withi side-wind"' equipm-.-ent has been placed in servi:.
TIhE sidLUe-w-ind sedis adjustabl-le, up to a maxirumD, of 30 r ,se

ndwind diLrectionr- can, he_- selected from7- 00 to 200~; the windI'



source dia~i.eter is five m~et ers. This 20-ton class c~per-air
Platforr., will boethe stanidard test platforL- for undertakilci
calibrat-iocn of engina thrust .

For ovEr ter; years, -in the ar ea of engine environmental
siri-ulation exper -'6Lntat ion, we have been carrying out experiments
s-ucl. as engi.-e icing; collisions with birds; smoke, water anid
sand inhalation; and dar.age by external objects . All tests have
been successful and filled gaps in China's capabilities.

in the area of the effect of engines on, the external evrn~~
the Flicfht Test Center has successfully undertaken research
s a T-p'A.ing, and analys-I Ofaeial combusti-on gas, real-tize

sar:,.p'ling Of Qnhabsan d atmosph eri c ania'ys is a t a irports
in the work of atmrospheric pollution coTnponent analysi s, it 11"S
been, g7antE& full monitoring privileges on, behalf of the njatic,,.nil;!
en\v.LLOny-&ental protection Of fi'ce=.



THE TEST FLIGHT CENTER'S FLIGHT SIMULATION DEVICES

Kang Dian Chen

Th*-e constitutizon and function of SB-6 flight control sirm-ulator,
SE3-101 ai1r coiu-bat fliLght simulator and SB-300 tligh-t training

Jaorat CFTRC are presented. LEgls abtac

At CFTRC, flight simulation has become an iaseparable part of thE
work of f"L iht test research. Its main functions include: I) ToC
r Ezra .7,r t flIicTiz Per sonnelI, 2) to provide technical tra ining
fcor test fllh personnel1, 3) )to review and El ini-1nate mrid-air
break 'c-wiS , 4' to, carry cut special research and investigate
topic:s concerning 1io t s, and 5 ) to perf ormi research into t es t

CFTRC 1- as elaS mphasi zed the deve lop-ment of f light silauI-ti 01,
and has ac tively undertaken the construction of simulatio

isallatLions. Further,-nore, it has used these Linstallations o
c S.L,-U-c%.Lr experiiment proj-ects on nine kinds of airL1C1aft-1
scvng :.ny ~<o1~. ntearea offlgh quali ty. W ol

1-likLe 0o Y-ive' a cnsedescription of three of thfe CentEr's

The SE-.- Flic:ht Control

platforrm, the si:iu'lating

tr-ackin4 di pl te, the

hydraulic pressure suppie-.
T1hE rplatf- or:: i-s a control

si--,ul --o .' tf r.. ustCi

ksn -S E C E nt of any
Aidof aircraft can be
isaJan-- tl'- control Fig. 1 . The SB-6 Flight ControJ

s y s t E. paame it te rs (inrclIud inrg Simulator
the rotation:- rati-o, the
friction, the wemight of
unequal miasses, gaps, rigidity, mass, aerodynamic hinge rioment)

can. be coiivEniently adjusted. This makes the simulator adaptabile
t D the.-7 :harac-,eristics Df the control system of the simulated
aiLrcrafLt ( S ee F ig.1. The simulator computer is a mid-size
simulatoDr co:m-puter; it is also equi-*pped with two non-linear
devices. Th1e tracking display systezm is controlled by one
siLngle-board .- icrocomputer ; negative pole radiation tube and

iialtube d'isplay are used. On, the fl'uorescent screen, the
"en:~yplane" is a circle with an adjustable diameter , atle to



:,ove in more than ten patterns selected by a switch. "Our plane"
is a section of line, moving according to the tested plane's
angles of pitch, inclination and yaw. During testing, the pilot
controls "our plane" in tracking the "enemy plane. " After the
line overtakes the circle, when the firing button is pressed on
the pilot's stick, the "enemy plane," when hit, grows bright and
flashes. The digital tube display outputs the number of hits.
The co.-mputer also makes it possible to calculate tracking
effectiveness.

The SB-6 ay be used to test the control characteristics of
aircraft, and evaluate operating systems and post-integration
light quality. it can be used to detect and eliminate
deficiencies an- malfunctions in operating systems.

SD-1CC AirL Co,:bat Flight
Si..U4ator. The SB-I 0 Air
Co;:bat Flicht S-mu7ator
c :.Lp I U-f the pla fori,.,
the st -in cD.artinent , t he
inst ru. ent si-,ulati ,n
syste- the scenery vieinq
syste:., the target

acoustical simulation

systey., the comtputer system, %
and the corresponu ingele:t; ical and hydraulic '' r

pressure supplies. Thep-
platform is a general
L.. t-pl-purposej control Fig. 2. SB-I00 Air Combat Flight
s'.....lation platforr equipped Sirmulator
with iL. channels. it is
poss£1 t implenent

physic:al sim..-ulation of the plane being tested. On the platform
Sr stalled the components ¢.f the airplane operating system;

thc rc ain parate-- ,f the operating system are brought into line
with those of the airplane being simulated, thereby giving the

sensation of the deflection of the plane's rudders and of pilot
operation. The seating compartment is installed on a fixed
horizontal platform; by means of changing the arrangement within
the co:.partment, it is possible to convert the compartment easily
so that it resembles the cabin of the airplane being tested.

The scenery viewing system is chiefly composed of a ground/sky
scenery rotating platform and a 10-meter-diameter hemispherical
screen. The ground/sky scenery rotating platform is a point-
light-source structure with six independent double-painted
spheres. The ground/sky scenery rotating platform is controlled
by the airplane's attitide. The light emitted by the point-light
source passes through the painted sky scenery and the ground



s cE ner3:y S phAE r S , anIdc i s p r oject Ed o n t he h ca Iis p h e riJc a I c rc, E I-
f Cr xing - f. I '- skyscape and Landscape with a horizon 7*Z
b e us5edU a S a IDa,-- k 2:C ornC) fIe x ibl E a er1,aI fi1,gh'It 5 s1i1nu Ia ti~
t r ack :ng t aI-g E -s.

The target sim--ulat1on syt.- ssatre-imni ltre
oper ated by s. inuepEndEnt'y mov-ig structures,

photographed by a camera and projected by a projecting te LeviJsaon -,
on a I-ee-imtrhemispherical screen. The motion of the
target can be controlled according to a fixed pattern, -or by the -
tarqe:- OPeration ptfrwith contrYol undertaken after the
corresponding position and attitude of the sim,-ulated plane has
b EeCn Ca&lC UlaEt Ed Iby th I.:;~i C- 1CoQm_1P-U t Er.

~ysezuscs co)mposit sound technolcg
a n: 2S a bIE to( simulat E t he s o uni-d p r o du ced b y a n e n g ie , t h
sound of the -lnigE ea--, being re tracted , etc . it is usEf

int ifY t _ _Y ai tv of the s-'imulation .

Pc~ t> s 0 s ys~ te. tht eng-ie system-, the scenic
tFsc I, Ciez en the instrum~ent systei-f and the acou,_Stic._

re_%l-in.e operating program. and' a varietvy of

T h6 cif of heSB-ICC is to study the flight quality of
pian-_S int A--I and B flighl-t phases, target interceptiLon and

zra:;i~ p~fo~T~-~c ~±aeral omat , and fI ght control sE.
cajc a. izty ano itS effects on flight quality.

SB-_700 Flight TrainiLngiultr The SB-30CC Fligh-t Training
i..lo.isCC::-I-posEd basically of the se atinlg coImpartPmeint, th,

Jist-..-z iu Ia t icon system-i, the sound simTu.latio syste-m, th-
.S:ene.-y Sys te:. ad hecc.pter system.. The arne:n ft
seatng com.-part.m.-ent, in its interior environment, is entirely
identical withn th-e airplane: cockpit; it -uses a rchangeable cockp-it
contl str1essC bodin sytgt ive the Pilot theilcnc
control, offering the main computer control displacement. T he
ent.LIe s ea t- ig ch e is placed on a f our -wheelI vehi cl1E:.

For the scenery syt~r, a computer imaging system,- is used, with'
thrEe-charnnel, three-window virtual image display. T he v e rt L C -1
angle of the fiJeld of vision is 300 , the horizcontal angle for- thel
f ield of vision i~s 1200 , and the brightness is 20 .6 candles-/rn.
Th;e fram-.e frequency is 25 fra.mtes/sec-ond. For each channel , Jt is
poss ible to display 300 planes and 1600 points of Light. it i-S
possible to sim-ulate day, dusk, and night settings, and
viscibility -Is adjustable. The scope of the ground scenery is
64x4^0 square kilometers. A partial three-dimrensional ground grieLl
and' a tredmnialtarget plane are provided. The sound



si:ulati on syste. is coi-parable to that of the SB-lOU. Ile
computer syste. includes computer, interface and software.

The chief use of the SB-3OG is training test flight pilots arid
undertaking phase C flight quality research. Thanks to the easE
with which the seating compartment and a portion of the software
can be changed, it is possible to provide a test flight for arn;
kind of fixed-model combat plane, to train test-flight personnel,
and to prepare a general scheme for training.

As China's aviation industry develops, CFTRC not only will make
great improveTents in the simulation equipment for military test
flights, but will also develop civilian flight simulation
devices, making a still greater contribution to the industry.

.. . . .~~~ A, I' I



TESINGRESEARCH~ TECHNIQUES FOR FREE-FLIGHT 1-ODELS

Yu Zhidan, Liu Zhu

Thiis paper briefly describe.- the development of testing researcon
t e chIn iq ue f or f r EE-f'l1.igh1it im iod el1s inr C FT RC. It mainly introducteS
thet a--0 ited test r.odels , the present status of experiment and
i-easurem-ent technologies and the prospects of future deve).opycent
L English abstrac-t]

TEsting research foDr free-
fIliht -..odels at, CFTkRC has
d ev--Elo -ped fcn th'Ie ba s is of'
carried-Ymodel. test flightS.
Ths r es Ea1-C h h as no ,w ben

in pro-gress foll 0-e 20
years. FD -- 2 0 ear-.-S,

been carriLed out on almOust

pl anes. othelr 2:scarch~
iproqras hae been I' Ji!

t th L z.eanEvlinJ~
rFlatiVElIy C rei a 1 prg 1-t=s d

thie field of----
research techno Dlogy .

m'od Els. They we- re eq-uippt--u,
wiha rE F-. ot-.- I n sta11a t ion i- . Ses-

receiver, tihirE' Control angle of attack and angle of
L-A'eC!=, a reCO-Ver-y sideways slippage on, a m-,odfel.
Parachute, and a laracE
number of DC electrical
cells . SOr.:E were equipp,-d with heavy lead batteries. T h is k ind
of m,-odel was able only to carry out fixed researc 'h programs.
Along with the development and dissemination of glass fiber
rein~forced plastic technology, wooden models were gradually
replaced by plastic models. The model fuselage with the exterior
reinforced plastic shells offered a large, useful internal area,
structural stre.ngt1h, ease or maiintenance, and appropriateness f-i1
small-batch production. Like some light-model aircraft, they
were light in weigh-t and had a small wing load; it was also
possibLle to use flicht model. structural models (for the fuselaae
exteri.or.- wocd of Low density was used) as free-flying test

- , ,~I

r.- U EI Thescleof the test models was generally betwen
and 1/14l, and wei1ght ranged between 30 and 70 kg.



TESTIN ... ...........

Selection of the Model Carrier

The early period test models were carried by siall-scale
transport aircraft to 700-1000 meters, and were controlled by the
pilot of the carrier plane via a release button. On the carrier
plane were installed elevator structures. At the tiTrme of
takeoff, they were placed in the extreme upper position. After
takeoff, to avoid the effect of the propellor slipstream and the
air l--w of the lower part of the fuselage, the mouels were
lowered into the extreme lower position. After release, the
-o 's flight was control'le' by surface control personnel usino

re::.ote control. At this tine, the carrier would make a sharp
turn, distancin- itself from the model. Generally s peaking th -

use of s...all transport planes to carry small combat plane, 1-0 ('Ari

was very convenient; but for large-proportion models or light-
weight plane T odels, it was best to use helicopters to carry tht:.
alcft , o,;y to to. and release them . When using helicopters to

carry the model, a very low release speed can be used; suspens:.on
relet i-_ even a posibility. This avoids restrictio s i-posed
by the height of the model's vertical tail

RotContol Technology

The r,_ote control. apparatus used in the early period was the
BJ6 UIlo-L_,DI .EULUta-±eous ten-channel key-control.Ed
equipt.ent with audio frequency signal m- odulation and low
stability. At the beginning of the 70s, we switched to the

-C, T,- .... The control method used was the puls- step ju ,-
S .ty With respect to the control surfaces, there we: only tw,,
positions, the neutral and extreme side positions. For this
reason, there was no way to simulate rudder deflection speed;
just as the. "slow pull-rod stalls," this kind of control action
o..ld .,z be achieved. in 1976, weimported sample remote

control equipment; we were not only able to implement rudder
su-face contrcl along the lines of the sample, but were also able
to achieve stability and reliability, and resistance to
interference could be im-.proved.

Recovery Technology

Ordinarily, a drag parachute is used for recovery. On the basis
of the parachute's resistance coefficient and the rate of
descent, it is possible to determine the surface area of the
parachute. To guarantee that the parachute will open reliably,
in addition to a parachute-opening installation with a re-otely
induc explosion, a fixed-altitude parachute opening device has
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also been added. In recent years, research has been carried out
On the feasibility of "wing-shaped parachutes" for recovery and
clid,:r wing landing, as well as impulse-activated nets.
Currently, the average crash rate for free-flight research ,odl1S
has dropped to between 8 and 10%; that is, on the average, there
is one crash for each 10 to 12 flights.

1EASURE.EINT OF PARAMETERS AND DATA PROCESSING

Progress in contemporary free-flight model research technology is
revealed mainly in the technologies related to measurement of
param eters and data processing.

Measurement of External Parameters

At the beginning of the 7Cs, CFTRC installed an elevational and
directional potentioym eter on an old antiaircraft gun mount,
replacing the ca:T.era support of the 60s and thus improving

photu±~frjh1'_ .. '.Zitions. In- 197 6, it developed the doubit--
plat for: model SB-SI photographic theodolite which was able to
1- distances accurately and distinguish movement and paths,

and recov :r pod r para.eters such as the tailspin dia e.eter, the
rate cf descent, and the time for a complete tailspin at th same

. Currently, we are in the process of developing stil- .>ore
ad Yce. equip".ent for the Iasurement of external parameters.

At the .e.inning on the 70s, CFTRC for the first time installed
an - reoder for the angles of elevation and sideways
sippage on the FT-C free-flight test model; and for the first

sul recorded changes in the angles of elevation a
5idewad slippage in model tailspin. In the mid 70s, this device

waS use unertae full-scale tailspin test flights.

The results of the test flight measurements were in agreement
wi; the results fro-m, the free-flight model. In the report on
the model's loo of velocity and tailspin, the account of the
velocity-loss characteristics was almost identical to the account
in the report on the tailspin test flight in the full-scale
plane.

The use of z odels made cf fiber glass reinforced plastics madE it
possible to expand the scope of on-board testing. In line with
this, the quality of sensors and recording devices was improved.
Small-scale on-board oscillographs are able to record twelve
pararieters at a tim-,e, chiefly including the angle of attack, the
side-slip angle, the triaxial rate of angular rotation around the
fuselage, the angle of elevation, the angle of roll, the tri-
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directional overlcad, and the deflection± of each rudder surfac'-7.
ThI-anks to thEse capabiIi ties, the research on free-flight testin-g
has cou.:pletely entered the phase of quantitative studies.

7r. the- 00s, CFTR.C isalda YT-2 micro-scale rern-ote-corntro'
-LauFIcher equipped with a telerietric vehicle arnd a telemetric
surface stationLor. it can be used Effectively in data collection,
with a me~asurer.ent prtecision higher than that of photometry;
thnankS to computerized assistance, it represents a great saving
in thle quantity of work required.

To ilmprIOVe the moel's recording system still further, WE began
in 15,or, our own, to develop the jCX-5-CJ .iaicro-computer data
Sst Le... * ir .L!eaure -ent parYameters can, be combined automatica±--'
according to the frequency value; Each timc, i~t is posiLet,
recordf 20 independ-ent param--eters and five switch quantities.
Even und er conditions in which a telemvetric station± is o
a v ailb 't isstill possible to process data direct'ly with I

nicocc~jI>i.n colmparison with the tEle-fetric syst,-r , ti-Im

C U :.~4tr E y LVSY E.. 1 : sig nal t r a Y-L t te r a n U a I-e c t 1--E 1
the : C4 1z LC L a~ e... P rC- rii-L s to0re'--d on the C-' dLW hih A-:
orcatl ~zedthe rate of failure.

Compr ~cwithon-board m-,agnet--Ic recorders,,the mcooptl
~~.~~lle-r invlmead ghter in weigh-t;

fu11:> its dat a ca pait is greater eodalpoctw
thi ~ agnetic tape. The mnodeAl stall/tail-spin, tet s,

th-at t :c L i. uT.P'UtGe d'Cata storfage device has producEd area -.
benefit La L:-I-'ng the qua-lity of, fr':e-fligljht mdlts

ande~cin te d1 aio of the testing period.

C u r rntlIy, CFTF'C is able, unassisted, to design and devel.op a
riLE t; f reerc :-ls . In the area of experimen-t content,

C U t I un~taL Lr.c I;j t iv e fr1:ee-fli gh"It ode re':s Earc 1 on
the -A:,.aj-'or ancile of at-Ltack S tall,'tailspin f or all. types of
aicrat. it is also ableIi to undt-rtake the related research i

the area Df anti-tail1.spin parachutes, providing reliable
~..prienaldata fLor, estab~lishing the design param-eters for such'
de-:ces Curenly, the Center is in the process of undertakina,

quantitative rEsearch for the vertical and horizontal directional
aerodyna.:..i: derivatives of aircraft, as well as free-flight ri-Ode:
research for powe red m-odels.

HorizontalI free-:-flight testing has becc-,e an indispensable part
Of Chin31-a's r:esearc-h tools for developing new planes. We can
Predict that -In the area Df future development in hg-ehcj

~~ an,- aiopae t will be given a prominent posi tion.
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AIRCRAFT ENGINE ENIVIRONMENTAL AND INGESTION TESTING

":en "iao., Hua Yut-;an

Ir. recent 10 years greater progress has been made in aircraft
engine environ .entai and ingestion tests in China. This a±J Cle
descib,- s . achievements in carrying out environmental icing,
bird ingestion, at-.ospheric water ingestion, sand and dust
ingestion, ariaent gas reingestion and foreign object dam .age
tests. Sor.e -Methods and equipnent of the tests are also
Pres.t {nish abstract]

A areat varlety of environ-,ental factors affect the perfcrman!:
and reibility of aircraft engines in use; and the noise and
exhaust oase-the en-gies generate pollute the environ:.ent as
wel. In the Aviation Engine General Use Specifications
p -, IS he E bJy our goene:,environ.--ental testing accou .nts a.
total of 12 pages; the topics include high and low temperatu;
starting tests nvron.ental icing tests, CU±uu ion sens-itLvit
tests, Si. in ticI n tests, tests on damag,- caused by foi 10u.
ohjects, ioe a ncscion te-sts, sand and dust ingestion tests.
water in estion tests, a -.a ent gas reingestion tests, Operati ng

-tcting after nu:ieazi explosions. These testing projects a"_7
incorporate strict, -p Ificepi, per entai conditions and

S- i...I- c. In order to undert ak .E: certain pr oe- t s
as -p ±-j, an-, s l ecte a set C'

Ce.p.r: -1aT. mEthods, and has constructed testing equipment

n , r tcenc yers. CFTRC' s wokk in the field of engine

LI=, I. 11 oh hC' kJ±.t. Lfy includedt= -ng in JICE Pv IrCn. .
p-r.:w tc- t ion , ;.ird ingesti experiments, arma-ent gas

;-ineSCIC'n t.est, water ingestion tests, sand ;nd dust ingestion
tEsts, a fo riacfn ojctE d ae tests; of these, ird
ing1-stin tests, the snd and dust ingestion tests, and the watEr

ij, o tests < a -a-ded the Success in scie-ce and
aecnolo_{y nrd fro: t,- fco,.r Aviation Industry inistty.

ENVIRO:;-1ENTAL ICNG TESTING

For engines, the for-,,ation of ice occurs mainly at the routh of
thE air-intake passage, t e air-intake flow adjustment support,
the I an] II rank rotor blades of the axial flow air compressor,
n: the forward edge of the stator blade. The formation of ice

can present an extremely dangerous threat to the engine: When
IS sliht coating, it may reduce engine performance and

v, cas fla.out, and when there is a heavy coating, it may
-h n. I sphude and lead to severe wear and da..age.

i ~ ~ ~ g sp ilud e and i'Eam nm mim
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o e . E~ ST.

S wirI oen.2I icinig

under condit .Lins of earli-

Surface at-mospneric

the at~nospheri t _r..pr atLr&

A.E o V. C, ona suIl-fa'-

Ce1Y.nIe testiLIg latfor:,CA
t he i:.-ta ke cDf a W k:rk irTIc t ES t
e ng I* T, a n ai I ,5

CO± Lnyi 5p- -

w ate r d ro0pes S S~ etZ '.U

wi:hin, the Engine pissag'sS
to icie -up; Lth6 y4~

protec tior. syste:i. :S aure Fif 1. C-yil &rV1
teing1 ngn

thespeifid ~Fc-r this purpo~se, we dat-

forT~n~i engine_- ice at Engine intakes. This SysteE; cosss -
suppj-y SyZcm a-st grating, temcperaturL QiUI'

and- C.;~ii Stc ff. It is ablL tc supply th
with hc reuiredSUper-CGol water dcpes(fetv v-

U ia ~E: 23 c2 n a nd to- pr.oduce the atf-Jospe-,ric. wat,
Ucl : rz LuIred Ly t he spe cic a tions. At the tine of' tes- %-
w ate a t a spec:ified tem-.pErature is transported into_- thE .Z:LW
YCILra1ino ULl a tUDr Ll-0. __Ie water supply systeT.-, it is it- steJ.
form.T 10-6C miicl-on water droplets, and then, via the refrigerating
eqL i L s -Z> ge toC e-oldwater- drops . T h Ese,

;uper-cooi'eU zrop E ts are acditated in the engine s air2 fl, ow n

for;_ a layjer of ice on, the engine components.

Using the testing equipm7-ent on, domestically -manufactured engines,
we have successfully undertaken anti--icing experiments. The_
equipme nt offers convenience in observation arid testing; results
are ed ly repeated. The danger is small, in comparison with
fli:ght testina. In comparison with high-altitude platform and
ic E 'w-in U- t unnelI ex-,pe rimen t s, t e stiJLng c o sts areecnmcl

BI1R D I IiG E _cTIN T E ST IG

Air craf L speed i S increas ing constantly , and the col Iis i o c
bird an'A plane is an ever more serious factor in airplane dai-mage.



A bid eing ingestEd irnto the engine has ever, caused crashes at
tresthroughc-ut the world. The specifications require that

af ter an erichas ingested a small bird, so-.i-e of the components
May be d~ge
but the airplane
mTust not Suffer-

Bird ingestion
testing for
engines- L:>
ordinarily

peror:.~dOjIt 0,
doors on a te&stincg

____ ___ ___ ___ ___ - .p atf or%1. ITLi

P-99412 tFlight Test Cent-,

which is F, lajrc -
c aIi b er a -'i, c; u i-

s 7: ~air tank, a cu.
tube, a control
Structure, and.,

ct~e ~~tje p~nt he air tank is full o.f dry a ir a t
tt;o reCjir E:5su-r During experimentation, after the- c or, t --,

z~~~ tty " C, the air - . I J-under pressure bursts out an

caues he cllw, oftplastic sleeve Loaded with' the test bird
t,. acc±*lriate alono, the gun, tube, reaching the speced prescribDed

L o. C-: pat of LUZ> -,Ptz=U Te bi-'rd s sp s p roduce by t h.
aiLr prFessu-.-E c outr olliag the air storage container , and-

i" L is -,r..Ie by a high-speed caA-era. Ti qimn
has hEon T used for bidcasting tests for two kinids of

d":etcly muanufactured engires. The tests use a chicken as
the Uird Th'-e tests- shtowed' that the eq u ip -.?iEAn t cope t elIy

s ais fiJ.ed& t h c r e quirYEmen ts s pe ciLf ie d in the standards.

ARIIAMEIT GAS REINGESTION

When an aircraft Launches a weapon, the weapon enits a great
amount of scorching hot Exhaust. After the engine sucks in thesE
gases, the intake temperature rises sharply, resulting in a
reduction of the rotational speed. The air flow is reduced,
causing an, increase in the combustion chamber excess air
coefficient and' possible flameout in thie combustion chamY-ber. In
addition, the general pressure decreases, leading to a reduction
in axia'L airflow and increasing the inequality in pressure field
and temperature field. Under these conditions, it is very
possil-,e for the aiA*r compressor to enter an unstable working
condition. I t f oll-'ows tha t armamen t gas re inges tion experimL enit s
rust be carricd out to ensure that reingestion does not induce
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engine stalling, gasping/shuddering, flameout, or mechanical
damage.

Currently CFTRC is
able to perform P-4928
experiments of
this nature on~ a
surface testing
platform and
flying test bed.
The method used is
to install a high- _____________

temp era t ure
Combustion gas
genel-ator in fronIt
of the enhine to -ig. . Armament gas reingestion experiment.
b e tested. The
temperature,
che.ical co-mponents, etc., of the high-temperature c.bustion ma-
that it generates are the samie as those produced by firinj a
weapDng. ThE enerator su co.posed of a simulation shell, S
accumulator, a smoke delivery conduit, an ignition device, and so
on. During expermentation, a small rocket simulation s'el- is
-Ltd, a. 1,.-temperature ex-aust is forced into t.e A i
intake of the engine from the gas accumulator via the smoke

~ -l, n.. oui. The amount of smoke produced by the shell and
the ta::peratur ~of the co mustion gas are determined by tht sie
of the charge. The si:-mulation shell requires 0 .1 second for
co..lete co.ustion-. BEcause the time that the Engine operatEs

Ia; unsta Cdition is only V.I to 0.2 se ond, a h igy
sensitive *easuring system has been selected to collect the

instantaneous change raraimeters for the engine. This set of
equipm:,ent has, teen. uS&e to carry out successful experJloenLtatioi
on a larQe nu,.b of .todels of domestically manufacture-I engines.

W;ATE:r INGESTION EXERIMIEINTATIOI

When a plane flies in the rain or taxis on runways with
accumulated water, the engine may suck in large quantities of
water in a liquid state. When a working engine takes in large
quantities of low-temperature rain water, the resulting drop in
te.perature may cause the engine housing and the component parts
and asser.bi-es at the hot end to undergo sudden contraction,
excessively reducing the gap with the blade tips. This in turn
causes daWage owing the friction between the blade tips and th=
interior wall of the engine housing. Large quantities of water
entering the combustion chamber lowers combustion efficiency and
may even cause flameout and stop the engine.

When experirenting with water ingestion, the amount of water
introduced into the engine should be 5% of the air flow by
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of 0 .0C gra::-.S Cf sand-1 Fper cubi c me ter Of air. After thc- sanid
a !-A~ -&- .. A-St the min air fl.ow, they are sucked into the

Tho conTstant sand supply installati-on can be adjustedl to
feed ; a (quant-ity of sanid based on the air flow of different
E Lins . L;,In' the::'S- r .eLenIt expier-inent, which lasted 'Lour hours,
the EngiLne ingested over 3000grams of sand and dust. Th is
Equipl-ent Is al.e to distribute evenly the exact am-ount of sand-
and &ust prescribed by the regulations in the enriie 's air intake
flow, satisf-ying the experiimental requirements for different

FOREIG:: GJECT D AIAGE TESTING

in. u seC, i LIS

V "L~L J ~ .

*t~--r nh. SE.;L* L

4. o rc 'L. oi I 1 , -

tL C iC . 11-- t

tdl t:ct h:kC-3

sufe da2:E )7:

blade da.-i-a-te- fro:.0-. Fi: . S. For-eign ob-ject da:-!age test-ig . h
a fL~. ~ bjctarrow shows the locati*on 0f slott'ig. /

concentration ccf-ceto 3, two cyls as defined in the
regu,-lations, are require"' as the time the engine should be able
to continue to funcion~w; optionally, a number of hours is
pre SCred 1rn order to satisfy these requirements, before the
e x dEr imn t a s: o t with a stress concentration coefficient of -'
was ct arti ficially on, the blade. Then, the exper.iment was
carr-ied ou,.t in acc--ordanc:e with the working period specifiQd as
n Cr:I for t h E roCd1e I. iIE key in this method is to reseai ch' a
se t of cquan tiJLt a t1ve 'Lormul as f or calculat ing the e la ';ionshi-

IttW-;- , ht. siZc of' th,-e Slot inl the blade a.-d" the stress
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concEnt rat i 7, cc, eff ic -_Ent , as wellI as a method of verif ic at ion.
A ft er1 s tudy, we now und er Stan d t his rthod of' ra king c aIculaIon)I
andf Zr :vidi., .. .ennt a! pr.oof, and we have deve loped' an

'c~ ct lfl - - )L
accurate~~or .'. . .~ ~ rst ran'-f

cE it nr e :f i n .: w~ a sl2.ot. of the size obtained by so
ia I C 1a t JL 1 Thel_- szrss_ ceicicer.t at th-le 'oailo ili l

was ,an We opeat coz . ur engin-e on, th-e test platfor:.- for two
CyCles. in, the experiT.eni, the_ vibration value of the eiine
increased frcof Lts 14Q , t o 26. 93 a t th-ie c Qn c Iu s i Ii "D LtL
xpid ClL .. Int I, aI ther wer no Iotht=WIil ler abnor:.al conditions_-.

C uY En vEn 1 I, I tro a L kstLn,: projects t',at are e:
devcopeofur:;erby theLt Test Flighlt Center include EZpri-Z~

S n crrscnr -, ~ t v tv. LllclestiLon testsC, p Er a t J4 n'a S,
~arilysis, exhnaust poll-utionr, high' anid low temperature starting

zes 7 f r vurvivabItilIty af'Ltet=r n u cIe ar e x pl0SioQ-n S ,r, a 0othe'I E
thtts rjet willj _L t. ... _L-. -j 1,e

f~ £J_ t~ u~L~ 1-I
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- ti4 wc~ ... types C; -. c a t an±tej..-.cz- C~

st I antennas , co-posite aircraft antnnamc
.. othcer r_.- an~na' .

'a5F ha, t:- "'ate, PerfLzI-,:ed over. 100 evaluations ofz
dc-cet_'caIly nI.a.-u'faCturEd electronics equipmTEnt, and has had th'e

E t. S, L -~ a . f1 1

n Cenr. al&S.: has ., two i. orte d electronic test planes for_

~1±. a t-.. ~ ± icn, n.,a-vigat ion aridJ radar-L and fcr (uI~ fvnL

L.~L ' ~ .. ~c the panzes arE z j r,

CL a T. E re1P, Cn Li_ UII -t a Eh. tno K

a f, v az f E S uynanDc ir easurEiient tec' nc,'c~~y

trackt th oiin of ineta a- c-
recording o -- ircraft- flight aner.

L. J _C A_ 1 4 C

V k Zt 1, ~ . P c_ t±.i-t tLC1IIL 1an ard voiceo iuC enSty

~~JC~CI4.~ - -lay~ rc~v. tas:ttr.c

-- ~O -:1.'- SPE La Ec- qt- - - - L. p.,,

egip ot .. . LOd C.± co ne ito u Ce al

r,~~~ ~~ C u1*g, t ES t in g Dur ing fl IJ ih-It t Es t i r,
over l a nd Lte aIa pho . t ogr aphy mretho d was usedI fo 0- visiblE
targets ; dur-ing fl iC;h-t te S:ting over wate, the surface-to-ail-

phc~tgrap - * ta *sd inadton, the l aser al ti'tude
neasrennt etho an oterswere used. The aerial photograh

m ct ho d, th'ie radlar rilasurerent irEthod, and the p'lu-n, petal fligh't
metinoc- wer-,e used to ca-iL'rate the precision and effective
di-stance fcr cor--passes, takana [transliteratioi3, and other

guidance equ-ipn en:. For Doppler guidance radar and guidance
SYS t E1s5, the fo .ur---poin-*Lt surf ace mce t'od and the three-point l i nE
L _t h Od fro:,. analytic aerial photography were used, as were t-E

radar nes±~;n ethod, the photormEtric iviethod , and' theIc ratico
rt Io. f t hc C e'eo p-. tc-rt anrd q uaIJ.fyin e-v alu a t i:n t t



,-thrs of the. :,.1 203) Dopp Ler radar, the three-poin L ne
equation s s lE rear-exchange aralytic photographic -ethod and
the a tracking 7.ethod were used. The plane's si . external
pos:tion eieents tha t WEcbe o .bnEd were relatively preciSE
The Center also has a unique comnunications/guidance device for
aerial guidance experi,.ental platforms; it is used to calibrate
and test all surface guidance stations at airports.

In the field of radar test flight, data gathering systems anu
photographic and video frequency recording systems are used or,
board to, recrd radar parameters ard aircraft attitude da. I 1y
means of a variety of sensors. On the surface, measuring radar,
optical te a- theodolites, radar relay stations,

radio response range finders, and laser range finders are
com.bined w.ith- da vliection systeTs to forin measurement

S:, air-grouni measurementis carried out synchronously, and
evaluatio te-st flights are performed for radar meacurement
speed, positioDnal and range finding accuracy, etc. In addition

UU_ , ~~ ~a.±t ue systers, successful flight
valuat1oDS ha vbe, n per 7o : on the fire-control syste:

. nf uri by farconi.

A1- .i ,r T r ',n STATI DICHRG AN FA-A F r.: )TEC71'v,-1
AIRCRAFT . .. . .. ....... ~. L\j fA...

Staz.- discharces and rada pi otec. Ln are iimportant e- of
safeg.a~Uin aircraft flight. T he Test Flight Ceter has a h.cii-
vcltagc static electricity laboratory equipped with a high-
v.ltac. 7 .C. generatC, current-measuring equipment for airzrnf-

S,h a s , an : p, aratus to .easure the n oise of 'ischargers.
siet, labora-tory, iS a rope-cabile crane with a heiy -

cf 4'0 metErs, capa-e of suspending aircraft for stat-c dc.

artior. A large variety of aircraft have beens... ::.
to Statia: electric experimets, and the performance of
isoharcers hail been stud-i.ed. Evaluation experiments have bee:-.

carried cut on stati: electrical dischargers, and flight testing
has b , p.foime1 on stati¢ I flew. In additio,,

ep .s have been carried out on scale mDodels of the F-S a-d
other planes for lightning adhesion points.

As on-board electronics equipment continues in the direction of
functional com.bination and digitization, the task of performing
combination sim.ulation and test flights to develop electronics
equipment has become increasingly in-,portant Because of this,
the Flight Test Center will study new flight test methods for ust
on .pectroncs aviation equipment in order to develop
surface simulation equipment, computer simulation equipment, and
aerial simulation experiments to reduce the actual amount of test
fl'i.ght work, shorten the test flight cycle, raise test flight
effectiveness, ar plan the refitting of several large-scale
electronics testing aircraft. Furthermore, CFTRC will actively

A o
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v~2~ it~r~atci-a.cooperat ion and raise testinig tc, a still
hgE r I Ev c I



FLIGHT TEST114G OF E jECTION SEAT SYSTEi,1Z

iu PinJ

SinceC k.. a t~:b o jectionQ seat flighnt tests n-ave be
perforned in China. A B-5 !:omber was converted into an- e ecti
teSt vehicle. Now, a new 011E is being built to meet futurte test

- -ectjorn seat system-s can, be classifiJed Jinto

reseE-rch4 testi ng and evaluation testing on, the basis of the_-
n~at-ure Of th-e tEst, or-, -- on, the basis of th& i-measures used -

inowidtunltests, rock'et powered Surface veihiCLe testS. a:._
f zE Z Set~ Ea h of th, sec Lasses ha_ i. zown spc ia eau

f h, 'LIicli are t he s.~ t i J-.p LLrt a L.

Flgt ze St n - e ec tion seats is perforL.-,u UTe actuaI oDr
re arY ac 6aL Ccni, 4 T* TE eXperi& na esl
--- --- -J Jo i ,V,_1_ Z:In.- _Ll . the UC :CL L n a tL L). CIua io of - =11C LC% LL .

p C r 0r c op CTe r~, Su-db sst Em -s and, th-e En1,t ir:E s y st~:.F
~ . ~,- ay.Ean incspensah ). L in ti±h

at ystsarnd -S a vzr n.portant par-t of thefia

h~~~ 6 EIik4LCL 'Ar t Ie End of' t he Udecade LbE~ar, to incIldE tLhL

y ~vcBe -5 air- craft in,-to an, ejzctLcr, te-
v eh1Ile ks eez Fi.l*

llau tesw t cC, T. paL :

compartl-,Ent and11- the othe
'' behind Lt-e _ vtCl I-n

ThE ch o-ice o' whiht's

and purpose o~f th-e
experim-enlt. Th~ 1- S1no11V 1
was nlot found oni
ejection testing planes.

Fig I.B-5ejetio tet vhice.The -forward com-,partment -L--
F g. 1 B -e iEcton estvehLC LE norral ly used for cj1ec tion i

tests for thle enErgEn:y
syste: . Thc rearX compartm,,ent is affected by the vertical f.in,

a ., s 1r: ia~ r 11---- S 01 SC t Lig CO 1.P 11En a -,d s ubs y s t S.L. '
do niot ha-ve strict aerodynamic requirements and for ejection
tEstij.ng reJlated to the acceptance of measureimenteulmn.
a dditi onr, th EEa r c h amrib er rmia ke s i t p os siJbl1E t o c a rr3y o ut u -,, tC-1an
e Jectionr t e s L -, w ith1- rela t ive s afe ty. On, the plane i s instaliec

~~~. -a'e~ of nsuig girEnt that can record flight
paraneFtoars an-d State7 parami-eters during the flight. Th rft ting

rJ~



of cuu, -*EC- cieCtin t e st v I' cl1e w as S ce s sfu I in prc--vidrng thi-e
li.:tA L 1-1 CO7" -*t J- 5-1. ary posil PC)ie S1C f f ligh.t tests

E-;E :- LCZt. It su.sequently prc:.oevaluatiLon tests on, the
F -C' 'O sse:-,w- e-eczJio stLtiC-. Open andl~ with oor:dh

cC'..--t for teF-7 Ejection seat.

At ~ 11 tl 0 evaluatlion tests: Were O

ca- .Dearn,- L'~~ testrig was prredon
....... Cl L2 CLCCtC etr

± C Sls carrie C L 4ou t on C hia as fir s rocket-powerEd
- 2f th u±1~ i:rin gth

J'a-. ~ off L20 -LV Afterward to ascertai the
- ~ ~fthe rocke t-poweref St±. at

I IL C_-- nt WLI aa Cl al~.1a- 'C'Onkey was c a 1: eLL

Sbeuctly, ai. Exzrey.Ely success ful E jection test wit C
h :.n sub-L c -1 wa jcfr.d wthI a s pae of- -2 Lm/ aU Qan ILC

AttebnOf thle 0 k, in 11rdIfer1 to0 de t Erm T-ine the E= e

run.aY a-- S-

-= aL-AL.L~i.± .1 rU-)L.LLa CJ CL UI~ C L CI LLL

B- n l - EJe ct L on ~e a- and f our k-inds Of rocket Eijcto seats
t as we'l as Tman.y s p eca

SuZh as ;:kS~y. ji~i tests.T -
0t. aC oa f ee tests have been- com-Tpleted Ths tcSts-

lic-e been t=. t:LL k L. -L~ h e study and d Ev eIo pmi.e nt- of C hin F
Ct ~ :erc~ 14, e Uv e rt heeIi s S , the 3- 5 t Est i:l1ane-

to st sp;ed' (qround speed of 4030-GSO0 kr./h) and test altitude

5030 a2: 1 a thI'e 1 lm ited

'l c 2- E '- c;i-

~erec a. IruesteOntce

ipoethIS situat.L-)Io, wte
be)gaFn Lin. the Jidl -1 t h, 70

testing aikrcraft. A t thle
einnc of th 1- E0s, WE

offI C Ia IlIy LbE :ja -- the Ework of
Su-Ay-lnc, the-- n1ew aira ft F ig. 2. he FT-6 E'lection test

1;Dt lo:- , ft q th-e FT-6 air Craft.
wals s: seflyonetdto

3.1



anej 0"o: tcSt a-*rc:aft_ an71 PErfCnarnce ZeSt-rno Was uncirzar7 e
a5cc- uig 2) . 1171 :ax esig Seede wE -W-S k ,'h a n,

a auitd CLs _LCC L n. ,Z' ' Th'1is5 panea aft er -E J-ction
accetane test-ng, was at once placed in service. it Will 114
USeld chIefl~y inII -hg- s p ed ejection tests under- all typEs of
nMareUVerlng condLitions, and so will greatly enhance China 's test

fligh t c a pa b iI -ties for aviation emcrgency systePms and Pro)vide_
fa-zor~deconditionzz for future research in the fiel"'.

SecDod to th-e testing aircraft itself, mannequins are an
.. portant piecet Of EquiLpment :nf!ih testing E-jection sY s tL:
ThIey are pr7epared in accordance with the statistics 'or the

-.-..ea~urE.Ents and weight of av.-iation personrnEl. The Ttest
Fli'. -te 'a~ s constructeL rfmany manqisisnce 19C - they

-fgr,:7t use in China's e arl 1y r ES.Ea rc n on &ej ECt ion 1,Ss - -

t;: ,~ L . .iyj LeJ.j.).t 15- I L::ire a.. .e=U-

sy ste::-. flight tcsting. Bef ore in- f Jl"iht tests, it i s ordi-laY -

-cl~~~tialejctonpltfr in the early 60s Fz r:..

3" it was 34 m,,eters hILihadhl
an anglez cf I cinat ion of 17% I
was a v"! -_i -Puri:oSE epriet
device7 used principally fc-.
expe r ime n ts wLih the pe.frac I~
E jc t ior, a ct iv at ionr i n st la IC-1-1

Aand the -aiu permisSi l

deviLce coDuld also be)t used to
~efcm nvestigatory ejEctiAon-
ttiaon, emergenFcy system.1

components or subsyste:.-s, ej ction
training -for aviation per2sonnel,

m.easuring equipment. This platform,
was used for over 23 items of

~u~ ~research; over L~vEject on ts
runs were carried' out .

To ensur e the e ff e c tiv JPer fu±~
of tests, the Test F!liuht Center

- has developed riany kinds of
overload2 sensors , angu,:lar velocity

Fi.2.Lrg-caesensors , parachute-openingdyac
v e r t i a c :n plIa t formr load- sensors , em-ergency eject ion

tele1etr ic Sys temCs , emerIgenc,--Y
ejection, magnetiC recording



Z;.-!ce.: L s:~l-zc C phci~tographic tlheodo'L-tES , and c'thE -L

Cur--ently, th-E Te st FIigiht CEn terl -Ls enrgaged in, f urther -ctudy of
LLVW t0 :piD ~ n.~ p&-e L~inc aerodyra-ic gust protectic'n., how ,&
En-Inance th'e si:uaincapabilities of mannequiris, how to
un Cd -wr t ae E x P,-r i CTa U (a a colE c tio J norl-I.0 e e ffe ct i VaIY , h4uow *

perfr.-.. E-:.ergEncy ejection testing exper-iments under flight
conditions , and cther problemTs.



OL'-BOARD TE3TING TECHNGLOGY

.Ln:~ot est, the results and correctness of its coi-clusion are
very -. uz-h iln1flUen-CCd, to certain extent even determinEd, by data
measurInoi method, testinoi technique and equipment. T1he
QeveIOP .Ent hisZory, current status and test techniques fors:.l
and lanoc size ai-rcraft Jin the Center are introduced'. Some
PlCtUrES Of the test Planes use6 -in the flight test iar e also
shown L(English abstract]

zi fligiht tEstina, regardless of whether it is qu,.ali_*fy:-ig
evaluation or pelmiar research testing, the work of
.LS ESSETnti-_J The .n-thlods of Tieasure;:-.ent and the testing
tEohn-iIcueii- and e-quJLip-Ent ha~ve a direct influence oi, the test
f'liLght resU17is and aoo-,uraCy of the Conclusions. Mea sur er.Ient:S

:t~...y imortat forfligt testiLng. As flighttsin
bec':e C :r i- i L.L , it mak e s new and even hli ghEr die I ends L:.-
nEa su r t .ent E pi :o ofv- s L~u r e r.e nt t ec h n oIo gy aniid
E qup.et on t ze ohe h a, s pur on, th e devel Iopcerz o , f I ich

THE CUKREI77,T STATE OF Q0-BOAFD 1MEASUREHMEN~T EQUIFINENT

Thc Tes F 1igh t centrs S asreint rzquJi-.ment has pas sed throuo:1 .
adrb:eta poesfnau-zonatJic recorder71s aind Vzrioo1-'_
osLosos to t Jnetc recording equipment. In the 60s r

cuialcoj avi-'ationDr recorder with- 14 mi-agnetic channels was deployed
5 -- V1- vt::r & n--, aCS- --Een t. digital r:agne tic rEcorudino

syste-. was placed in -use that was able to -m-easure 30 analoig and,"
.i -i1 J am si - t had a composite samplingi rat of30 ps
and used thE parallel and ser-ial methods of recording. A modulai

onL~Cdt~~Syste.. was also pla-ced In operat-ion;L Lit
had a a:..u capacity of 256 channels andf a corpoS.Ite Zazp7,Lrcg
rate of 2.56 kbips. These two kinds of magnetic recording systei-ms
are associatied with surface data-processing computer system-s. _n
* d di I c A., a PAI,'F~*IVI/F11 system high-capacity telemetric system and
*. broadf-bantd frequency-separating telemetric syster. are linked
wit th:. Snce the 70s, an on-board PCII programimable data
colle: tor and' a su,.rface data processing system, have been inr use.

Themainu..capaciLty of this kind of on-board magnetic recording
sYste': is 1C24 chneswith a total sa:.pling rate of -up to-- S
kbpS . At the h-eginnJig of the 80s, an, on-board real-time flight-L
testingc data syStei-, (a Lishan, [transl-iteration] composite
Teasuli.;1, system-,) wiJth te-lem-cetr-ic technology and a computer as

its corie was deployed. :t cobnson-board magnetic ecrdn
and tcle::etry, and,' lin;-ks a pulse-code system-- With a multip~t_-

Jhanc frequony-TI -S epa rat ig systemr. It coi--biies tlmtywt



ac,:.-Put er1 h= r- ±has a r-,eal -t:. data process s ing zapaub4.L I ,t

IS ass-C.iaZ ted with- a Large-scale f light MOnitoring and COntrol

-: ea~ir 12'Aanlogan para.-ceters of all types, and- has
a tod.4. rate of 32 kbps. it car, :TieasurE sli-ultaneously
sevCLral dJozen accel.Eraticncr/d ece'LErationDr Para~;etErS . Comnzon bus
tec-hnol Dy a;.- odlrconstruction, are used for all com-ponents.
An S-bJand telE:.,-etric systeTm is used to transmit inforr.-ation to
sur-face statiI-.nS. The effective distance of the system exceeds

2CC1cm Inthemidleof the 80s, another composit on-or
fliLgh-t 'At syszte--. (th.e 'Qinchuan- [transliterati-on] Syste:-:i was
1.n St ale d. it fe atures on-board real-time display and real -tm.L:E:
data a-nc~.~ d uSes electronic prograT_-;mLng. it has atta

samplin'. of u k ~rps and can measure 4096 param:eters. ThE

adi zc, thec T Estr _F-I lh t Cen-ter also has in USE Malfunction
E Dders -Y 5: ~ i~m equipm..ent ue for1 ejection an :.oi I

Plane test flicrhts. it the -refore has powerful, advanced
~r.- t-.- 4.4te :.eans requi'redJ for q-al-ifym.;~i

evlato for al f~. t±.4. and AVL ,I C t UrLut and fo eni + ;:; _ 1

MEAUR~ET TECHU4OLOGY F OR HIGH-lIO0BILITY AIRCRAFT TEST FLIG'KT3

Test fli,'-tsz for- hI'i-±ly i-tan uve rab Ie aircraf t chief ly use Don-

board :gne3tiC rECordinaf and telermetry; when required,
malumc~o: reordngEquip-:ent is also instal.led.

±..ciiLY, ~ ~ ~ E,: lcrj:)± og ii~sr'mn tehod I~lt~
tl.tr:dat.r, prDcsing ar& used. To measure grad'ually

v i: L a ar, &Igita pJC1Lameters , the ?P.LI 4e th A L sUS

sp;c.J t zonp ~~ rs ,-any groups of rul t*p'e-c ane.
Yr uEnc ep - arIa tor2:E'- eu :-.. t ar nor:- .-.al IIYu Sed O,0f t hes5ei, 'T

crou -ip cf .. na's is t2:rnsmi.-tted to the surface withi telermetri c
re: a I-t~o an the others are recorded in parallel on the

7 ~ ~ - I- - - - _ gn_ -.A zC icLL._ tape r c ccr-de c -fo1 1ate2
.rocessing. krn of technology is especially useful for

t Es t _' I ig.- s -- q ,,& -'- e valu a t ion onr nE W p Ia n es an d I a r cf:-
scale' Irgas rn t he qualifyin-g evaluation testing for the F-8
!:, 417 tasks were Ccarrie--L-_d out in combination on one ai-rplane, and

over 303 aray-TezErs were m-.easured. in ad'dition, the Test FliC;h-

Center a'lso. place s great Emphasis on, the application of
~metr ctechnol ogy.

The Tes Flicht Center has at its disposal -..any experimental
research planes; the refitted B-6 flying test bed is shown in
F-i. Cof the center insert 'not inYcluded in translated

a C r a This test bed can suspend the Engines of al I moi -del::I s

tfor idai testiLng. The plnLa
:c-1pE-,tE an Sliunt a iraUL Emn-,YSt 7sT.m 1C 1 incLding L;PC a

5'-



collcting s-ubsyste-.-., a ti-hrtlfrequency steparating
Subsystez_. and' a tele.tric tr:ansmitting and Ym:agnetic tape

~.~ce;an on-board." real-tm dat up ocessing systeyr. bastcd oir. a_
inico::puter can also be installed. See fiJg. 17 of the inr-ser,

fLor an lutro of a part of the Lisitar on-board equipm1-ient
used on, the plane [not included in translated material.

MEASURIN~G TE C HNOLOGY FOR LARGE AIRCRAFT TEST FLIGHTS

in airworthiness test fIlghts for Large civilian aircraft, a
opsite on-board data systeim- with rea'-timre display and real-

tim .71e data processing capabilities is used. This syster. consiLsts
of a FCM Cdata gathering and recording subsystem-J and a real-tim-ie
"ata pr-oce-ssirig subsystem.-. The PCII. data gatheringsbyL..
able to use a numrber of collecting devices together via a cmo
bus.L Its capazity is 4096 with a total sac,,.p.Lirng r a te o f: _'2
kbps. it can m(easure paralm'eters f or changes in velocity and.
transz-ticn. TIhe on-board real.-tire data processor subsyster i
com.-.pleze Idazz analysis and monitoring systei-- organizedf ar1-un" A

2-bf ~ 1- - -A~ .loputEr.. it iLs able todipa phic
quantities and calcualated results in real time, raising test-
flight- ef'fectiveness and Ensuring test-flight safety andA qualiy

I n ad] -'tioJn., in r test fL Iights of ciLvilian aircraf t, the Te st
F l-iht. CenterY' S airY-speed im.eas-urei-,ent systemr. has attaiLnEd
.inrter-national standards; it is able to mTeasure accurately dynam-ic
and static pressure and provi.*de precise flight altitude and spe ,-d'
:e a S"_r emn s. I t Ji s a1.s o a bl.e to calibrate the plane 's airspc
Jy it useS a screen 1--7.-style ai rspeed t-ub:e total -pr-Ess-ure

syste an~d a tail-f in towed cone static pressure system. FiguLr E
13 of ti'e center insert .iriot -include1 shows the towed cone
.statiC pr_,essu1re system inistalled on7 a Y-7. For checkirg and
s~ ttiLnG h center of cravity, the total wci~g!- of the airaf
an'A at:.t Center of gratvit y control systel- is used'; t';e
center of graviJty adjustrrent range is 15-30% and the rate of

The Test Flight Center, in addition to its domestic test flight
dutie5, un" Etoopk evaluation- test fliLahts for the Miarconi IIADS-7
Electronic defenise system-. at the beginning of the 080s. T h is
sy its Com1Lpos ed o f ten subsys temis , anu i s ins tal led on the F-"/
1II. Test flights m-Ieasured 137 parameters, providing an accurate
baSiS foDr :.odel definition.
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Data prccessinci tE l-nique plays an importan-t role in flight test:
CfI n-Ewv airzraft. in, this artizle, the basic feat-ur.es cf "ia ta
processing techL-niquea are briefly discussed, followed wi1th its
current d=evelopn,-ent status. Special emphasis is giver, on the
flig'ht test dIata acquisition and processing syste.s used by te

Center ~ ~ ~ ~ ~ 1.L: C; Frnc I:ad a:e ytr "ia"sys te> arid
Qincuan"systemt. Sozie work in associated software field i

ithei 1:eparatcry stagcs for flight testing, the testing

p~ uvdes A~L JT-lyi::p r at support. With, niumbers, graphs,
-C± :, pr-oC -a ~.~d5 t offr outlinezs of oatc: C,

It EstSnc 1L: bE-s ar, spays t,~ , L t -C
zc ho s o. ;C f ailur tf he teszt.r a n pr-o vis

~ .the perfor.--ancE and quality Of target aircraft and,'
.~p~c F o~f 1eso the dev e 1oP.-.enrt of tes-Ct f L AIc, U .

Ii closC connection wit the dEv E oPm...,
tt ecS: tn Ccor--PutEr- techn I.ology.

T EB- r hRC7F T C FTS FLIGHT DATA FROCES-IiG

tre~ ts a tasrc th dat , fc7

*tost flligh-t e ~ettcor thre datafli
~~~~y.~~~~ t± Ieo~~n ceie I a asrng rcaE

coputer in, us,- nee's special input
Y - .-I Y, ano a high processijnc speEd andl

hespzr.S reuls f roes.n iu have a h i gh
-- -- :-Lta E C, U e J, E V~~* a- . I~ "~- - -kt-.. C 1.r .,

the s r -eq uirEe Tnt S. Th ey5 are equipped w-ith a variety of ' hig h -
4,alt rei~ Zoup:n and' are c o.77 1E t elI o utfi ].t ted13 w-Lt 11

tox. ~ ,-ar.dwarL~ soft~warc, as well aseasurement syste-r-S.

CURRENT STATE OF TEST FLIGHT DATA PROGCESSIN;G

Il Z ~e li the Test Fligh't Center
in--lui-dc- theI Damien systemir, the- L-ishan [trarnsI iterat ionj sys+E:.,
andte icua tanltraiI syste~f . Each of them.- is

eqipdwith- a data processiin. systeym.. The Atapocsedc
tn-.- cores fr:. -. arinC devi'ces , tEeemetric rece-ivers andA

P ~ -L odio devices There are two, chief types of
flih data I,0 data-- and' FN' data, arid ratieand after-the-



:n 9% ro S-F1- of France,
is eq-uipp-.ed- withk t N 1~ITF.A

Computer syste7:: .nufactured
by SEW7S of FacUse foCr

processing for l hIItss

inr-p.ut at a ~ n Oa . Tcniaprsnnel usinzi a aa
2 ubp 6.e processing systet

pr1 Cc C s S i-. ~ paralneters.

It7 Zse t t t0 T pct rot P
r-- -- - --. s _, - g pr -a a -*L or, . . .

prE- I L~.nary pi-oc--, s n are c on-venient and easy t o c ontr. v The

syte doc n-D fetu a -1- , retal-tnetTaa pr ei tg rln r

nr 1932*, -,aohrtesting systeT., the Li-,shan systemt, was
is a~ ThS is a ri.aqnetic 'tel e,-etri c composi te systemr

S faP::ratm processing =-y.teT, and a PCL. -,2rIF
TI s-tn r-.tsy

has a i~£~~l .~il-s i~optrsyste.. which can,
Cecer 1- dat a f ic-'7 zn~ta a axu.rate of 10 6'bps . it iS a~ju;

S Z a tD U pScs atu C0 p&jaam-eers. The "C":or
oCilt ~ anal. u'. h a: as a PFRiN-0 siLgnal analys-is covnputre:

z-st: asck a P~ v~ ."The syste:.. ha-:s a gre-+, t
qu, an tit cf C e s l Z sof tware and is used chi efly for

UCW~~ ~;nayin~oscilatOr data prodJuce by he on

- -- - -- -E.,±~ C, on-puLter 1 . !In, t!
process of real-tin.7e anialysis, a maximu,-, parameter sa:npling rate
CIf 1024 -'is per seodcan be: achieved from-- the FICE fLow , and
a Lgh t cl'ann E l Lo I U11at ior, d a ta c an be: c olle ctead f ro the 7-71
f.L.,W. The-_ total F!* sa-1-.pling rate cannot Exed 100C kbps.
ConcarniLng FI1, sim:T.a.s , real -tm diJsplay is possible fo a

maxium ___or channels and real-tiie proccssig is possileo
four chanrnels . The strYucturE of the Lish'an-. systeym is co:- pl~x,
an ri- t Ihas a f u 112:ang & o rfL fun-c tion zs.

The Qinchua.- syste.7 installed in 1935 is a testing system for an
electronic experimLT.Ental plane. Th'e collecting equipm.fent Of ti

syter RMU~was previJouzsly used widely in American, aviat-Ii-n and
a ero 0s pa&C E E4U euPm-.an t .The system's data processing is divJidc.d
into two part--:, the c-Ld repcesigcc'npcimurl anL



pc~ ur ,- " --.- d'ytE VA- /7a-t

cft. ul-i:Lef atLC4 S, W. ew.. a ry surf ace Processing ei~
CCX.CC ~ ~ ~ or Out e7t. ~v.,iu nt twco coyr-PuterE i.s sptI-

sotwa-E -includin~g an upward /down~ward comnpatibl~e VAX/VI"
ope ra t mosyse: a FOFTRA N77 equivalent compiling language arid a
fligh-t test d'ata an-alysis syster (FTLDAS). The Qinchuan syste:.

Cn±ev rGLi=-s !C1 data; in real-tim~e collection moLde it cars
a:e Ce ie a FC11 da ta flow at a maim~lTum rate of 17 .8057 kbps , and
su r fa z e ,~~r roc-essing can, receive a PC1'-, flow at a rat,-

C *- G2. rcI~ an' p-1~ia - - r-S-~ a C-s a

caiw f SIC-' --j para.-neters. Except for thc periodic manual
- ~ a h p..x, te flght test preparatory work i

a- , -:,r i _ 3 - 1 "0CF T D A S Operati-on uoer

p Q atL~ 1- gi. Z)u- p c. pul ar t h rc)u ghio u-Lt the w orld

~lictc: c ataProcessing technology- and d-ui-Inc;
~e;-eopne t te Test Flight Center has, foreatl,

terfE!a r Eca 7-, Exrcto protra s tikn th 1Dal s 1IU

-LishLaU:: C. Ia~ al 1the Sy Zes 11. connecting c:ts
f'sLL wk, we haE- sztudiJEd th e Newton-Laibuse

L :2anliEratc Z oh( a: ad hav ad imrportant Progress I

gj h ~ lgt d'atea p r o c cs s .g whiC :j

-. isapplication in, this area.

tt thetTost Fli ht Center's _a7a-ti
- --. 14 .4 itv C ap. .ocCut aQI - -1.J~ tz-' -

p~~~~~ ~ ~ ~ r,: c.N s. E. n St. cof Ia pacLtv CErt C2 a

la r g- S ~c & c o T- -11 rS, it is necessary to e-z.phasi*zE work in the
-f S:,fz..uv oUr7 efforts -i test flight U'&-

-1- - * - stw n th- dieto of .. rogra - r zatio.-%- -
F,,A tff- :1,. - -- jI IZ: L seacza -inc a n d pr3:o du ction Tis Wijl Sp l

~ey~ciK -e,f fnldt-rcsigtechnolIaY.



MCVING PHOTOGRAIIHETRY AID ITS APPLICATION

Sun Shunchang

The applizations of roving photogrammetry in flight testing and
photographic ---ethods are presented. The status is presented
[English abstract].

Moving photogram-.etry is an important means for measur-ing
external parameters in flight testing research. It uses a
variety of high-speed photographic equipment to obtain a
continuous -oving image of a moving target, thus recording mLany
dynaric-state param-:eters froyj the test target. In aerial flight
tests, there are twc categories of applications of moving
photogramz.etry- I, Recording and analyzing high-speed
experimental processes such as the movement from the plane of
suspended external objects, weapon firing and the dispersio-n of
exha:s:, ncr etive recording of cabin instruments, the path of
ejectiLo Sats, etc. 2) Measuring moving parameters such as
aircraft takeoff and landing data, the position in space of
flying objcts during tests (trajectories, speed, acceleration,
elevation, a-, other data) , the path of released objects, an'
bearing neasurement.

The methods of mCoving photogranmetry differ according to the
require--ents of the task:

Ti. ming info-mation is provided on the basis of the frequency
of photographs and the num, ber of frames.

2. Regarding the measurement of spatial position of moving
objects, it is possible to provide moving parameters for the
absolute and relative coordinates of the test object. There are
three methods of measurement: 1) Delayed photogramimetry; 2)
tracking photog amm try,which-- can be divided into fi.xd-point
absolute coordinate tracking photogrammetry and moving-point
relative coordinate tracking photogrammetry. Fixed-point
photogram.etry uses a single station or multiple station tracking
photogrammetric equipment (electronic photographic transits) to
perform: continuous tracking photography of the test object.
Moving-point photography normally is performed using two or more
airborne aircraft flying in fixed formation with photographers in
these planes independently tracking and photographing the test
object on the experimental plane. These include the ejection

test vehicle ejection seat, externally mounted weapons on planes,
and suspended objects that have been released.

:. State analysis and attitude measurement. Moving
photogra,.-etry can be used to undertake analysis of experimental
states and measurements of the attitudes of moving objects.
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Tlec Tc Ez F Ich C e t E=- haS spec ialJie s in hi gh- spee d phot ogr a~
~~~~~~~~~n an'.L aitOiiO Sfily&dPhotography, radar-

~ i:;a~ aniyszs and'at& processing, spEcial n'~
tace :esre En, tc _ L Ll as a vari-ety of advanced equp:.Ert

:ncluding n-oard high-speedl ca7-eras and automatic developmen~t
anf-F-inting cq -pa ent auto:-fatic fil,-m reading devi-ces, an-.d

Optncai nesree t units. A total of over 600 tests have bieen.-
p Er foCrn.L FurtherTmore, techinical tasks have been, carried out

~nc~din stuiesof physical exercise&, fixed-directionelso
-e.. - n'irgc, and hyd'roel ectri c stat in

s Pi.l Lway monitorinc;.



REII-TE SENS....G FOR AERIAL PHOTOGRAPHY

Xu Jing Liang

The achievements of using PICS in aerial photography are
presented. Side lapping can be reduced by 7%, so flight
operation time can be saved by 10% rEnglish abstract].

The special field of aerial photography (remote sensing) at the
Flight Test Center has made great advances in recent years. In
the area ofeui-ent, there are special airplanes used in aerial
photography with very advanced photographic installations. A
co: .prehensive photographic control system (PICS) has been
imported from abroad, and the methods for using it have been
thoroughly mastered. We have achieved highly efficient, high-
quai,-y aerial photography (remote sensing), making our
contribution to flight testing and the national econoTy. The
FICS syste- Is c. d cf an LTN' inertial guidance system
(incui -.r.g a remote control unit,
or RCU) , an aerial photographic
d ev _ ce a ri Tnte r f ac C _ -L1 L 1.
The system.: is ir.stalled in an
airplane and linKE- with the A
automatic pilot; it , perfom ,..'
aircraft attitude -.easure_.ent,
aeria'Ll photojraphy, and remote
sensinv :Usr:nt The PI0C..

air-to-surface grid photographs
(se f. i... I Autoratio, incluuF_- V
alignment of the measure-ent line,
openino the camera, automatic J6 5T 4 . 2 418
overlap, closing the ca--era,
automatic turning, adjusting the
camera's IatEral drift and levelinU I e 1
it, interrupting and continuing t'h&
flight, and automatic jumpers.
Automation i:proves flig.ht quality.
reduces the am~ount of required
labor, improves efficiency and Fig. I. Automatic grid
economic benefits, and produces photography. Key: I

e ,celent results. In areas that Leveling off point; 2)
lack an obvious ground grid, Begin shooting; 3) Base
au C :.tiLn. superiority is even line; 4) Shutter interval;
more striking. Several years of 5) End point; 6)
experience at CFTRC have given us a Measurement line interval;
mastery of the use of the PICS 7) Extension distance; 3)
syst e. Currently, at an altitude Length of measuretent ine
of 10,000 meters over flatlands, we 9) Conclusion.
are able to maintain the plane's
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d-eviation fro:: the easurenent line within 400 eters; over
-ountainous t rri:, devation is held to 6 n3eter -. in d selt,
t is held tc I- I-eters. As the f.lght alti.tude dec- ses,
pcision can be fu + ... .. ncrea.d. ±,he above-described]

pE cision can e naintained with an aerial photographic scale Of:60, 00"; th-e Sde appi.-g ave rages2%, with the . value
t Ihi. the sEJitfird :irements for ae ria photor y

InI a's ZA(t " " rhotograph y Specification" prescribes a si'd
appin. cf 3 ..... ..... r ... no less than 151; otherwise- - - - <.. C1 -. . L * ..-. -

. l f tS arc necessary. IfL .h syI Ie, i uS,
supple-ental flights can be greatly reduced. Furthermore, it has
bee.- .-- ,7strz.tef that t h- prescribed 3C% overlap can be re:,--: C'
an a 7 j oll 7 % in ote r words, the most econonic overlap I--
2 2. c -rlap 7% r:.c that the meau....
iLnt-va can be incrased 10%; this is equivalent to reducing thE

au .in. and consequently the flying tine, by 10%

The Test Flicht renter's use of the PICS system has ma de aerl e
-aiity - .. . possile; this means that it s .
o i ei t .... ...., the path , spot t..e f .i

p ath, Et r th'IE artmount of deviatdion eter:. ine whether it J.
-. '.Zl 1=1 St. e-l-+-. E npplere tal flights in a t i ,Je lTny nn- ,

i v-C E_.. th necsi t y o f a-waiting f: a study f t
z hoto± DCaE. IICS a.i- - effec tively ensured qu a t y , ir:.prove_

produLtion ieiff, and saved manpower, equipr.-".nt and
CL%;.-. CLDrA

us-* t o:Kete :- infr-ared photography for a lar.ge-ulF-- a;, a
at high altitudes. Remote sensing specialists have used ccor
ano infrared aerial plates in the area Of imaged cartography,
envirs n ntal geology, agriculture, forestry, water conservancy,
ecolcogy, city rlannin, and construction; it has been successful

-- J Al L - -- - - - f n -L~n r C g ro a napregress aw:ard.

in i , in She a I. P htal photography, measures were again
taken to change the measurement line intervals of the grids and
th-e fi.iht altiu,:,d, in ordEr to increase th ie length of the
measureMntn line and to shorten the turning time. This meant an
additional, radily apparent improvement in production
Ef f i C i e y.
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UT., d -lndi C1 .- , y h a S r e e rtlY co I-.e o ut w it h a n 'D -bo IDa r'
optC Ca ... wtOns sys t e.-. abl e to m~ake good the schc'rt Comingos

of battlefield radio, ccnm,--unicatA*os. This short-distance
ao: .u ~I In- inst-Lal Ia tion, inTicl1ude S an ti -I.n t.e rfe re nce anTd a -

T, S~l - J C.. 'LlSe S& a alI .U.. ar17SenidJE laser diod a T~~:

C2 co nCa t ion at a r a t, o f 164 bps.p z,
p c w c ou zp u is Icw; at a distance of 10O CY.. froYI. the- tra t t LI.

~esens nodang,-r toD the eye.

he istallatiu±. cc.-s--Sts of four soun,-ding devices,on
:~llaionand an optional control* Lhoarki. B:-

-* ---- - - g Un -

32 uei a s ob-t ai*ned Te trans-itters ai r oSt iO~

CL;:v cV I., each unit th41e tr:a ns:7,-.it te r i n clIudfE S t w
~~ 45ccvemy ' field wi'th a vertica

z -- W-~~ers~~ ar otcl Uue, -L -Ih
fie1- t. C~ -tiaI range.

Unde a st: utions, the* 6rciic channels are all
]WE reeaV- s-ignals frort t he tL r a n ~ s-. i t e

z:.~ Lt CI an tanMItter pair~~ju- t~
:.,aintail L ~v staz i. M V LC I- r.! eS I t p 0S 51 J.~ LC

t r ans.i s o , s z ra itin power, thus main-tain-ing systce...
secec an; 1 1L cLL -LIZ ~,ef nt= ~u g from017 thI c Cha Tin es o Zf t-

S~~~ Onc:~n: ce nuuly. el ForU t Cis re, I v t:~

~Tv ~ Lilofth Cirpan causes the siginal pos i tion toc shif'It, i
is a ay tnetoseect a chane hing th-e st.

The cos fo: th ntir intaltir Esaot cs
as for a VHF/'UHF- radio installation.
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FLIGHT TE STING AIRCRAFT FIRE COINTROL, SPECIAL EQUIPINE-7
AlTD ELECTRONIC AND AUTO1'MATIC COINTROL SYSTEl-,S

Sun Sanceng

Past experiericeS. present status arnd future intentions on thi;s
topicar presentedf [ English abstractj.-

The Test Flight Center's test flight research on fire cor-trol,
spezal euipnntand electronic and automatic: control syste.-s

inclu ,.d es f iv--E s peci-Lal f.EIl S: Electrical systerm.s; gyroscopes,
inertia:- auidance and atmospheric data computers; automat-LC-
aiLrcra ft control SYStes f ire control systems; and military

equpmet sstes. verthe past 30years, the electronic

sys z - . -,E at tJ tud e 'ativosphere d-1at a comput er s and
L.r~a~ CLr~ I Z;r 2 -L41 types o f aiLr cr:af t h a ve beE-n- p u

th~unest flghts, as have the autoym-atic pilots of 11 hi-ndsF of

aircr:-.afz with a variet-y of equ,.ipment, Seven kinds of o-ui-
*z::cY.. ssE:.S ay' i kn d s of' a v i atLon w ea p -Dn-s s y s tem, n

------------- ' --.- I-2 -

LO a, 7 1 - 1

t~ F±I1 norma. variatuOli Pu8h~u L~.in fl ±iglUa

-L. j - equip e U ct.

5z.haz: '.7 D- ,hs- S'----f- Z-

I Llia-a:n a.prtan7t e"'LL ~ uf ti'm a
t*I-k n 2 - For exa.....SE ---. -.

ploLts vibration duULrhY test flit-j-it uY ""
':K od-WTn ca'Usnu. Violent 1moCveDent in i the 12

~oo i .tu'-'1n a dr e t - o w it h a n o ve rlo ad of 7; oth-er pl.01bile: no
:I Z J L~r. In1- a ddi '.ti on, -1, ,,Le z' E L

z c.-,r at r L- u . te st 'liLg h ts 'Lo r we ap o n ry, th E da tC-
t~p aueoften exceEd thelimi±.

vae f hodeiq;,soetme s, exceed-ig tv ice the limiy
v alue:- t hi-*s is beczause, of aerodynam--ic heating duL---rig f.Lght.
Heat dispErsior. con-ditions are quite complex, an'. dif fic-ult to
predict dur-Lng th-e dfesign stage. These problens Were finally
solved., after fLlight testing andA analytic research.

Flcetl, heTest Fl-*i't Center has used sophilsticated rcea--ti'
measurement and processing systei-s for f~light test data in these
areas, strength'ening its test fligi't capabilities a nd" p --U- I-
teZst -Fli-*ht quality. it has actively engaged in research in n Ew
test flg t techlnology such' as paramezter recogniit ion- ai-.U U-3klc-T:
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in t futurc , as China 's h'ori'zontal dispiay systems , digital
auto:-TatJiz pilCt-,, an' other, ac'varnced equipmen~t are successfl'y
"d. vE LcpE- wizou *reL assitne as autol--at c landiing
systen- s and actiLVE- Ccotrol technMology are use& successfully co±,

a'Lcratandassophisticated test flight measuLemient equipi1E-nt
and technology are appAled, the role of the Test Flight Caniter's
test flights for on-board electronic equipnent and f ire control
syste-.ns will be even greater, and the quantity of our work will
increase day Yby day.
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